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1
STABLE AND SOLUBLE FORMULATIONS
OF RECEPTOR TYROSINE KINASE
INHIBITORS, AND METHODS OF
PREPARATION THEREOF

RELATED APPLICATIONS

This application claims priority to U.S. Provisional Patent
Application No. 62/035,274, filed Aug. 8, 2014, the disclo-
sure of which is incorporated by reference in its entirety.

FIELD OF DISCLOSURE

The present disclosure relates to stable formulations of
receptor tyrosine kinase inhibitors (TKI), e.g., pazopanib;
methods of preparation thereof; and use of the disclosed
formulations in sustained delivery of the active agent to a
target site. The disclosure further relates to methods of
converting one polymorphic Form of a TKI to another
polymorphic Form and/or an amorphous form.

BACKGROUND

Preparing formulations of therapeutic agents that have
low solubility in water and delivering the agents to a target
tissue has been a major challenge for pharmacologists and
therapeutic agent delivery scientists. See Gaudana R. et al.,
Ocular Therapeutic agent Delivery, AAPS J., 12(3): 348-
360 (2010). The combined effect of the unique anatomy and
physiology of the eye and the low water solubility of the
therapeutic agents for treating ocular diseases or disorders
have frustrated the delivery of these agents to a desired
target site of the eye. See Gaudana. There is, therefore, a
need for formulations and delivery systems, which will
allow high solubility of the therapeutic agents and improve
stability and efficacy at the target tissues.

Protein kinases have been implicated in ocular diseases,
not limited to, but including age related macular degenera-
tion (hereinafter “AMD”), diabetic macular edema and
proliferative diabetic retinopathy. Transmembrane receptor
protein kinases exhibit an extracellular domain, capable of
ligand binding. These ligand binding mechanisms trigger
activation of the kinase catalytic domain which initiates a
cascade of signals that controls intracellular functions.

Examples of receptor protein kinase are growth factors
such as EGF, FGF, VEGF, PDGF and IGF. Elevated levels
of soluble growth factors, such as vascular endothelial
growth factor-A (VEGF), have been found in ocular tissues
and fluids removed from patients with pathologic ocular
angiogenesis. Various ocular tissues including the neurosen-
sory retina and retinal pigmented epithelium (RPE) are
known to respond to hypoxia, inflammation, and trauma by
increasing VEGF expression that can lead to blood-retina
barrier breakdown (i.e., enhanced vascular permeability and
extracellular edema) and/or pathologic neovascularization
(NV).

Delivery of therapeutic agents in the eye is challenging.
Major drawbacks exist in the current delivery means
because of the recurrent intravitreal injections required for
chronic maintenance therapy. Repeated intravitreal injec-
tions present both a risk and a burden to patients.
Endophthalmitis, retinal detachments, traumatic cataract,
and increased intraocular pressure (IOP) are all potential
vision-threatening sequela to the intravitreal route of admin-
istration. Moreover, monthly treatment or even monthly
monitoring is a substantial burden to patients, their caregiv-
ers, and to the medical community, especially when consid-

20

40

45

2

ering that treatment may need to persist for a patient’s
lifetime. While roughly one-third of patients experience
improved vision when treated with repeated intravitreal
injections of certain biologic VEGF inhibitors, the majority
of patients experience only stabilization of reduced vision.

Formulations may provide less than ideal stability in one
or more ways when injected into a therapeutic device in at
least some instances. For example, a buffer of the injected
formulation may be released from the device into the
vitreous in at least some instances. Also, diffusion of hydro-
gen ions and hydroxide ions between the reservoir and the
vitreous may affect the pH of the formulation within the
device.

In at least some instances, a buffer of a fluid of the eye
such as the vitreous humor having a physiological pH may
enter the device and affect the pH of the formulation within
the device, such that the stability of the therapeutic agent
may be less than ideal in at least some instances.

In at least some instances, formulation components added
to increase the solubility of the therapeutic agents may bind
the therapeutic agent so strongly that efficacy at the target
tissue may be less than ideal in at least some instances.

In light of the above, it is desirable to provide improved
formulations of therapeutic agents for therapeutic devices
that overcome at least some of the above deficiencies of the
known formulations, for example, with improved therapeu-
tic agent release that can be maintained over an extended
time when implanted.

Unless otherwise defined, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although methods and materials similar
or equivalent to those described herein can be used in the
practice or testing of the present invention, suitable methods
and materials are described below. All publications, patent
applications, patents, and other references mentioned herein
are incorporated by reference in their entirety. In case of
conflict, the present specification, including definitions, will
control. In addition, the materials, methods, and examples
are illustrative only and not intended to be limiting.

Other features and advantages of the invention will be
apparent from the following detailed description and claims.

SUMMARY OF THE DISCLOSURE

The present disclosure relates generally to formulations of
a therapeutic agent having low solubility in water. Receptor
tyrosine kinase inhibitor, e.g., pazopanib, formulations and
methods of preparation and use in treating and ameliorating
ophthalmic diseases and/or disorders are disclosed herein.

The present disclosure provides stable pharmaceutical
formulation(s) of a pharmaceutically acceptable salt of a
therapeutic agent having low aqueous solubility, and one or
more formulation agents, wherein the pharmaceutically
acceptable salt is a monovalent or a divalent salt, and the one
or more formulation agents comprise a complexing agent, a
solubilizing agent, and optionally a buffering agent; wherein
the salt of the therapeutic agent is in solution in the formu-
lation. The therapeutic agent is pazopanib.

The present disclosure provides stable pharmaceutical
formulation(s) of a pharmaceutically acceptable salt of a
therapeutic agent having low aqueous solubility, and one or
more formulation agents, wherein the pharmaceutically
acceptable salt is a monovalent or a divalent salt, and the one
or more formulation agents comprise a complexing agent, a
solubilizing agent, and a buffering agent; wherein the salt of
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the therapeutic agent is in solution in the formulation. The
therapeutic agent is pazopanib.

The present disclosure provides stable pharmaceutical
formulation(s) of a pharmaceutically acceptable salt of a
therapeutic agent having low aqueous solubility, and one or
more formulation agents, wherein the pharmaceutically
acceptable salt is a monovalent or a divalent salt, and the one
or more formulation agents comprise a complexing agent, a
solubilizing agent, but without a buffering agent; wherein
the salt of the therapeutic agent is in solution in the formu-
lation. The therapeutic agent is pazopanib.

The pharmaceutically acceptable salt is a monovalent or
a divalent halide salt. The salt is a chloride salt. The
monovalent salt is stable in formulation up to a concentra-
tion of about 60 mg/ml.. The divalent salt is stable in
formulation up to a concentration of about 70 mg/mL.. The
divalent salt crystal structure prior to formulation is Form
X1V as determined by XRPD. The stability of the monova-
lent salt in the formulation is increased by performing
lyophilization of the therapeutic agent from an organic
solvent before solubilizing in a solution with the formulation
agents. The organic solvent is dimethyl sulfoxide (DMSO)
or trifluoro ethanol (TFE). The lyophilization from DMSO
converts one crystalline phase form of the therapeutic agent
to another form. The lyophilization from DMSO converts
crystalline phase Form A to a material containing at least
about 70% crystalline phase Form G, as determined by
XRPD. The lyophilization from TFE converts crystalline
phase Form A to partially or completely amorphous phase.
The pH is adjusted during formulation of the therapeutic
agent, or the pH is not adjusted during formulation of the
therapeutic agent.

The solubilizing agent in the formulations and in the
methods of preparing the formulations of the present dis-
closure is a polymer, e.g., poly(vinyl pyrrolidone) (PVP); the
buffering agent, when present, is Histidine HCl; the com-
plexing agent is a cyclodextrin is: 2-hydroxypropyl-p-cy-
clodextrin, methyl-f-cyclodextrin, randomly methylated-[3-
cyclodextrin, ethylated-f-cyclodextrin, triacetyl-f-
cyclodextrin, peracetylated-p-cyclodextrin, carboxymethyl-
p-cyclodextrin, hydroxyethyl-p-cyclodextrin, 2-hydroxy-f-
(trimethylammonio)propyl-f-cyclodextrin, glucosyl-f-
cyclodextrin, maltosyl-p-cyclodextrin, sulfobutyl ether-f3-
cyclodextrin, branched-p-cyclodextrin, hydroxypropyl-y-
cyclodextrin, randomly methylated-y-cyclodextrin,
trimethyl-y-cyclodextrin, or any combination(s) thereot; and
the therapeutic agent is pazopanib (5-[[4-[(2,3-Dimethyl-
2H-indazol-6-yl)methylamino]-2-pyrimidinyl]amino]-2-
methylbenzolsulfonamide) salts, e.g., pazopanib 1HCI or
pazopanib 2HCI.

The present disclosure provides a method of preparing a
stable, solution pharmaceutical formulation of a pharmaceu-
tically acceptable salt of a therapeutic agent having low
aqueous solubility, wherein the salt is a divalent salt, the
method comprising (a) dissolving the salt in a solution of
one or more formulation agents, wherein the formulation
agents comprise a complexing agent, a solubilizing agent,
and optionally a buffering agent, and (b) adjusting the pH to
an optimal value after dissolving the salt in the formulation
agents. The present disclosure provides a method of prepar-
ing a stable, solution pharmaceutical formulation of a phar-
maceutically acceptable salt of a therapeutic agent having
low aqueous solubility, wherein the salt is a divalent salt, the
method comprising (a) dissolving the salt in a solution of
one or more formulation agents, wherein the formulation
agents comprise a complexing agent, a solubilizing agent,
and a buffering agent, and (b) adjusting the pH to an optimal
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value after dissolving the salt in the formulation agents. The
present disclosure provides a method of preparing a stable,
solution pharmaceutical formulation of a pharmaceutically
acceptable salt of a therapeutic agent having low aqueous
solubility, wherein the salt is a divalent salt, the method
comprising (a) dissolving the salt in a solution of one or
more formulation agents, wherein the formulation agents
comprise a complexing agent, and a solubilizing agent, but
without a buffering agent, and (b) adjusting the pH to an
optimal value after dissolving the salt in the formulation
agents.

The present disclosure provides a method of preparing a
stable, solution pharmaceutical formulation of a pharmaceu-
tically acceptable salt of a therapeutic agent having low
aqueous solubility, wherein the salt is a monovalent salt, the
method comprising (a) treating the salt with a base; (b)
dissolving the base treated salt in a solution of one or more
formulation agents, wherein the formulation agents com-
prise complexing agent, a solubilizing agent, and optionally
a buffering agent, and (c¢) adjusting the pH with an acid to
a pH equal to or below about 2, wherein the base treatment
increases the total salt content in the formulation and the
adjusting pH with acid increases solubility of the salt in the
formulation.

The present disclosure provides a method of preparing a
stable, solution pharmaceutical formulation of a pharmaceu-
tically acceptable salt of a therapeutic agent having low
aqueous solubility, in which the salt is a monovalent salt; the
method includes (a) preparing a solution of the salt in an
organic solvent; (b) lyophilizing the solution, thereby pre-
paring a lyophilized salt of the therapeutic agent; (c) dis-
solving a solubilizing agent and a buffering agent in water,
thereby preparing a solution; (d) dissolving a complexing
agent in the solution; and (e) adding the lyophlilized salt to
the solution, mixing to dissolve the salt in the solution at
equal to or higher than about ambient temperature; wherein
pH of the formulation is optionally adjusted.

The present disclosure provides a method of preparing a
stable, solution pharmaceutical formulation of a pharmaceu-
tically acceptable salt of a therapeutic agent having low
aqueous solubility, in which the salt is a monovalent salt; the
method includes (a) preparing a solution of the salt in an
organic solvent (e.g., trifluoro ethanol, trifluoro ethanol-
water mixture, or dimethyl sulfoxide); (b) lyophilizing the
solution, thereby preparing a lyophilized salt of the thera-
peutic agent; (c) dissolving a solubilizing agent and a
buffering agent in water, thereby preparing a solution; (d)
dissolving an amount of a complexing agent in the solution,
thereby preparing a low viscosity solution; (e) adding the
lyophilized salt to the low viscosity solution, mixing, dis-
solving in the solution at equal to or higher (about 37°
C.-about 50° C.) than about ambient temperature; adjusting
pH of the low viscosity solution; and (f) adding and dis-
solving about 2x more the amount of the complexing agent
to the low viscosity solution.

The lyophilizing from a polar aprotic solvent converts a
crystalline phase Form A to a material containing at least
about 70% Form G of pazopanib, as determined by XRPD.
The lyophilized salt is dissolved in the solution at a tem-
perature between about 37° C. to about 50° C. The lyophiliz-
ing from an organosulfur compound converts a crystalline
phase Form A of pazopanib 1HCI to a material containing up
to or at least about 70% Form G of pazopanib 1HCI, as
determined by XRPD. The lyophilizing from dimethyl sul-
foxide (DMSO) converts a crystalline phase Form A of
pazopanib 1HCI to a material containing up to or at least
about 70% Form G of pazopanib 1 HCI, as determined by
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XRPD. The lyophilizing from dimethyl sulfoxide (DMSO)
converts a crystalline phase Form A of pazopanib 1HCl to a
material containing about 100% Form G of pazopanib 1
HC, as determined by XRPD. The lyophilizing step from an
alcohol converts a crystalline phase Form A of pazopanib
1HC1 to an amorphous (or microcrystalline) material form of
pazopanib 1HCI, as determined by XPRD. The lyophilizing
from an alcohol, e.g., trifluoroethanol (TFE), converts a
crystalline phase Form A of pazopanib 1HCI to an amor-
phous (or microcrystalline) material form of pazopanib
1HC, as determined by XPRD. The Form A of pazopanib
1HCl is dissolved in an alcohol, e.g., TFE, or in TFE/water
mixtures and then the solution is lyophilized. The
lyophilized salt is dissolved in the solution at a temperature
between about 37° C. to about 50° C.

The present disclosure provides a method of preparing a
stable, solution pharmaceutical formulation of a pharmaceu-
tically acceptable salt of a therapeutic agent having low
aqueous solubility, in which the salt is a monovalent salt,
e.g., pazopanib 1 HCI; the method includes (a) preparing a
solution of the salt in an organic solvent (e.g., trifluoro
ethanol, trifluoro ethanol-water mixture, or dimethy! sulfox-
ide); (b) lyophilizing the solution, thereby preparing a
lyophilized salt of the therapeutic agent; (c) continuously
mixing at least a solubilizing agent, a buffering agent, a
complexing agent, and the lyophilized salt of a therapeutic
agent, e.g., pazopanib 1 HCI, while adding water, at equal to
or higher (e.g., about 37° C. to about 50° C.) than about
ambient temperature. The pH of the formulation is adjusted
to about 6 to about 7 with a base.

The present disclosure provides a method of preparing a
stable, solution pharmaceutical formulation of a pharmaceu-
tically acceptable salt of a therapeutic agent having low
aqueous solubility, in which the salt is a monovalent salt,
e.g., pazopanib 1 HCI; the method includes (a) preparing a
solution of the salt in an organic solvent (e.g., trifluoro
ethanol, trifluoro ethanol-water mixture, or dimethy! sulfox-
ide); (b) lyophilizing the solution, thereby preparing a
lyophilized salt of the therapeutic agent; (c) continuously
mixing at least a solubilizing agent, a buffering agent, a
complexing agent, and the lyophilized salt of a therapeutic
agent, e.g., pazopanib 1 HCI, while adding water, at equal to
or higher (e.g., about 37° C. to about 50° C.) than about
ambient temperature. The pH of the formulation prepared by
this method is not adjusted.

The present disclosure provides a method of converting
crystal Form A of pazopanib to a material containing at least
about 70% crystal Form G of pazopanib, the method com-
prising dissolving Form A in DMSO and lyophilizing the
resulting solution. The present disclosure provides a method
of converting crystal Form A of pazopanib to a material
containing about 100% crystal Form G of pazopanib, the
method comprising dissolving Form A in DMSO and
lyophilizing the resulting solution.

The present disclosure provides a use of the
formulation(s) of the present disclosure in a method of
treating, preventing progression of, or ameliorating a symp-
tom of a disorder characterized by vascular leakage or
neovascularization (NV) in the retina of the eye of a subject.

The present disclosure provides a use of the
formulation(s) of the present disclosure in the manufacture
of'a medicament for use in a method of treating, preventing
progression of, or ameliorating a symptom of a disorder
characterized by vascular leakage or neovascularization
(NV) in the retina of the eye of a subject.

The present disclosure provides a kit comprising a stable
formulation(s) of the present disclosure contained in a
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reservoir chamber of a therapeutic device, wherein the
reservoir chamber is coupled to a porous structure for
controlled release of the therapeutic agent in the vitreous of
the eye.

The present disclosure provides drug delivery
formulation(s) of the present disclosure contained in a
reservoir chamber coupled to a porous structure in a thera-
peutic agent delivery system for controlled release of the
therapeutic agent in the vitreous of the eye; and wherein the
controlled release of the formulation from the porous struc-
ture produces a concentration of the therapeutic agent in the
vitreous that is lower than the concentration of the thera-
peutic agent in the reservoir chamber by at least two orders
of magnitude.

The formulation(s) of the present disclosure is used in a
method of ocular drug delivery. The formulation(s) of the
present disclosure is an intravitreal delivery formulation.
The formulation(s) of the present disclosure is not an eye
drop. The formulation(s) of the present disclosure is not a
topical delivery formulation. The formulation(s) of the pres-
ent disclosure is not an oral delivery formulation or a
parenteral delivery formulation. The formulation(s) of the
present disclosure is not a periocular delivery formulation.

The present disclosure provides a method of treating
and/or ameliorating an ophthalmic disease or disorder of the
posterior segment of the eye, the method comprising deliv-
ering a stable pharmaceutical formulation of a pharmaceu-
tically acceptable salt of a therapeutic agent having low
aqueous solubility, and one or more formulation agents,
from a intravitreal delivery device comprising a reservoir
chamber coupled to a porous structure, wherein the formu-
lation is contained in the reservoir of the device, and the
controlled release of the formulation from the reservoir
through the porous structure increases the half-life of the
therapeutic agent in the vitreous; wherein the pharmaceuti-
cally acceptable salt is a monovalent or a divalent salt, and
the one or more formulation agents comprise a complexing
agent, a solubilizing agent, and a buffering agent; wherein
the salt of the therapeutic agent is in solution in the formu-
lation. The reservoir chamber is re-fillable and is re-filled
with the formulation after the device is inserted into the eye.

The reservoir chamber is re-filled with the formulation
after the device has been in the eye for between 30-90 days,
or up to 6 months.

The ophthalmic disease or disorder for treating and/or
ameliorating with formulation(s) of the present disclosure is:
diabetic retinopathy, age-related macular degeneration
(AMD), pathologic choroidal neovascularization (CNV),
pathologic retinal neovascularization, uveitis, retinal vein
occlusion, ocular trauma, surgery induced edema, surgery
induced neovascularization, cystoid macular edema, ocular
ischemia, retinopathy of prematurity, Coat’s disease, sickle
cell retinopathy, and/or neovascular glaucoma.

The present disclosure provides a method of converting a
crystal form of pazopanib, e.g., pazopanib 1HCI, to a
material containing crystal Form G of pazopanib, the
method comprising dissolving the crystal form in DMSO
and lyophilizing the resulting solution; in which the at least
about 70% Form G of pazopanib is formed. The present
disclosure provides a method of converting a crystal form of
pazopanib to a material containing crystal Form G of
pazopanib, the method comprising dissolving the crystal
form in DMSO and lyophilizing the resulting solution; in
which the about 100% Form G of pazopanib is formed. The
present disclosure provides a method of converting a crystal
form of pazopanib to a material containing crystal Form G
of pazopanib, the method comprising dissolving the crystal
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form in DMSO and lyophilizing the resulting solution; in
which between about 70% to about 100% (e.g., about 70%,
about 71%, about 72%, about 73%, about 74%, about 75%,
about 76%, about 77%, about 78%, about 79%, about 80%,
about 81%, about 82%, about 83%, about 84%, about 85%,
about 86%, about 87%, about 88%, about 89%, about 90%,
about 91%, about 92%, about 93%, about 94%, about 95%,
about 96%, about 97%, about 98%, about 99%, about 100%)
Form G of pazopanib is formed.

The present disclosure provides a method of converting
crystal Form A of pazopanib, e.g., pazopanib 1HCI, to a
material containing crystal Form G of pazopanib, the
method comprising dissolving Form A in DMSO and
lyophilizing the resulting solution; in which the at least
about 70% Form G of pazopanib is formed. The present
disclosure provides a method of converting crystal Form A
of pazopanib to a material containing crystal Form G of
pazopanib, the method comprising dissolving the crystal
Form A in DMSO and lyophilizing the resulting solution; in
which the about 100% Form G of pazopanib is formed. The
present disclosure provides a method of converting crystal
Form A of pazopanib to a material containing crystal Form
G of pazopanib, the method comprising dissolving the
crystal Form A in DMSO and lyophilizing the resulting
solution; in which between about 70% to about 100% (e.g.,
about 70%, about 71%, about 72%, about 73%, about 74%,
about 75%, about 76%, about 77%, about 78%, about 79%,
about 80%, about 81%, about 82%, about 83%, about 84%,
about 85%, about 86%, about 87%, about 88%, about 89%,
about 90%, about 91%, about 92%, about 93%, about 94%,
about 95%, about 96%, about 97%, about 98%, about 99%,
about 100%) Form G of pazopanib is formed.

In one aspect the present disclosure provides a stable
pharmaceutical formulation of pazopanib 1HCI for intrav-
itreal delivery from a delivery device including a complex-
ing agent, a solubilizing agent, and optionally a buffering
agent. Before dissolving, pazopanib 1HCI is lyophilized in
DMSO, which converts at least about 70% crystalline phase
form A of pazopanib 1HCI to crystalline phase form G and
increases stability. Pazopanib 1HCI in the formulation thus
formed does not precipitate when diluted and/or during or
upon delivery into the vitreous for at least 50 days.

In one aspect the present disclosure provides a stable
pharmaceutical formulation of pazopanib 1HCI for intrav-
itreal delivery from a delivery device including a complex-
ing agent, a solubilizing agent, and optionally a buffering
agent. Before dissolving, pazopanib 1HCI is lyophilized in
trifluoro ethanol (TFE), which converts crystalline phase
form A of pazopanib 1HCI to partially or completely amor-
phous and/or microcrystalline phase. Pazopanib 1HCl in the
formulation thus formed does not precipitate when diluted
and/or during or upon delivery into the vitreous for at least
50 days.

The present disclosure provides a method of converting a
crystal form of pazopanib to an amorphous form of
pazopanib, the method comprising dissolving the crystal
form in TFE and lyophilizing the resulting solution; in which
up to or at least 96% amorphous pazopanib is formed.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to demonstrate
how it may be carried out in practice, embodiments now
described, by way of non-limiting example only, with ref-
erence to the accompanying drawing in which:

FIG. 1 shows line graphs of in vitro drug release from
implants (4.5 sccm gas flow) filled with various forms of
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pazopanib formulated with CAPTISOL®. The measured
release data is shown together with the predicted release
from the diffusion model.

FIG. 2A shows a therapeutic device implanted under the
conjunctiva and extending through the sclera to release a
therapeutic agent into vitreous humor of the eye so as to treat
the retina, in accordance with variations described herein.

FIG. 2B shows structures of a therapeutic device config-
ured for placement in an eye as in FIG. 2A, in accordance
with variations described herein.

FIG. 2C shows a therapeutic device loaded into an inser-
tion cannula, in which the device comprises an elongate
narrow shape for insertion into the sclera, and in which the
device is configured to expand to a second elongate wide
shape for retention at least partially in the sclera, in accor-
dance with variations described herein.

FIG. 2D shows a therapeutic device comprising a reser-
voir suitable for loading in a cannula, in accordance with
variations described herein.

FIG. 2E shows a therapeutic device configured for place-
ment in an eye as in FIG. 2A, in accordance with variations
described herein.

FIG. 2F shows an access port 180 suitable for incorpo-
ration with the therapeutic device 100.

FIG. 3 shows a therapeutic device comprising a reservoir
having a penetrable barrier disposed on a first end, a porous
structure disposed on a second end to release therapeutic
agent for an extended period, and a retention structure
comprising an extension protruding outward from the con-
tainer to couple to the sclera and the conjunctiva.

DETAILED DESCRIPTION

The materials, compounds, compositions, articles, and
methods described herein may be understood more readily
by reference to the following detailed description of specific
aspects of the disclosed subject matter and the Examples
included therein. Before the present materials, compounds,
compositions, articles, devices, and methods are disclosed
and described, it is to be understood that the aspects
described below are not limited to specific methods or
specific reagents, as such may vary. It is also to be under-
stood that the terminology used herein is for the purpose of
describing particular aspects only and is not intended to be
limiting.

Also, throughout this specification, various publications
are referenced. The disclosures of these publications in their
entireties, unless specified to the contrary, are hereby incor-
porated by reference into this application in order to more
fully describe the state of the art to which the disclosed
matter pertains. The references disclosed are also individu-
ally and specifically incorporated by reference herein for the
material contained in them that is discussed in the sentence
in which the reference is relied upon.

Drug delivery formulations of low solubility compounds
or active agents (referred to in this disclosure interchange-
ably) require significant investment in research and devel-
opment in order to ensure that the active agent not only is
stable in the formulation but is active and released at an
efficacious rate over the desired treatment period. Depend-
ing on the treatment objective of a disease and/or disorder,
therefore, development of formulations that meet the desired
treatment objectives is desirable. Delivery of active agents
for treating or ameliorating diseases and/or disorders of the
posterior segment of the eye is particularly challenging
because topical delivery of the active, e.g. by eye drop,
rarely, if ever, results in optimal amount of active agent
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delivered to the target site. Moreover, the concentration
required to deliver an efficacious amount of an active to a
posterior eye segment target site often require high concen-
tration of the active, which contributes to, at least, some
systemic side-effects due to off-target effects. Delivery of
drug formulations via injections avoids the problems with
eye drops. But repeated intravitreal injections present both a
risk and a burden to patients. Endophthalmitis, retinal
detachments, traumatic cataract, and increased intraocular
pressure (IOP) are all potential vision-threatening sequela to
the intravitreal route of administration. Moreover, monthly
treatment or even monthly monitoring is a substantial bur-
den to patients, their caregivers, and to the medical com-
munity, especially when considering that treatment may
need to persist for a patient’s lifetime. While roughly
one-third of patients experience improved vision when
treated with repeated intravitreal injections of certain bio-
logic VEGF inhibitors, the majority of patients experience
only stabilization of reduced vision.

Drug delivery formulations that are developed for deliv-
ery through an intravitreal delivery device, as described in
WO02010/088548, require that the active agent not only
remains in solution (i.e., does not precipitate and/or agglom-
erate) before and during release from the device, but also
that the active agent remains stable during the same period.
And in order to ensure that the active is delivered to the
target site at the posterior segment of the eye for an extended
period of time for meeting a desired treatment goal, the
active must be delivered over many days, weeks, and
months. Achieving this goal is a tall order, as evident from
lack of treatment options for diseases and/or disorders of the
posterior eye segment despite many years of research and
development, and significant financial investment by numer-
ous entities.

The present disclosure provides formulations for deliver-
ing active agent to the posterior segment of the eye. The
active agent formulations of the present disclosure are stable
formulations for drug delivery over an extended period of
time. The present disclosure also provides methods of pre-
paring (and/or manufacturing) drug delivery formulations
for delivering active agents that are insoluble or have low
solubility in aqueous solutions. The formulations prepared
(and/or manufactured) by the methods of the present dis-
closure are delivered from an intravitreal delivery device of
the present disclosure.

Therapeutic agent delivery from a diffusion controlled
device requires a source of therapeutic agent with a dis-
solved therapeutic agent concentration higher in energy than
the therapeutic agent concentration in the target tissue.
Delivery of some therapeutic agents is limited by the dis-
solved therapeutic agent concentration and thermodynamic
energy achievable in the source formulation loaded into the
device.

It is desirable to deliver therapeutic levels of therapeutic
agent for periods of, for example, three months. This is
particularly challenging for therapeutic agents with aqueous
solubility not much greater than levels needed to be thera-
peutic in the tissue. For example, target concentrations in the
vitreous of about 0.1-10 pg/mlL is not achievable from a
diffusion controlled therapeutic device implant if the thera-
peutic agent solubility in aqueous solution is no more than
1-10 pg/ml. as is the case for many therapeutic agents,
including tyrosine kinase inhibitors.

Furthermore, some formulation approaches increase the
amount of therapeutic agent in a formulation that is not in
solid form but the formulated entities in solution are large in
size and have diffusion rates that are slower than individu-
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ally dissolved therapeutic agent molecules. For example,
several therapeutic agent molecules may associate or self-
assemble into a structure such as a micelle, with a size that
is an order of magnitude larger than a single therapeutic
agent molecule and a diffusion rate that is an order of
magnitude slower. Furthermore, the size of the diffusing
species increases with time in a reproducible or irreproduc-
ible manner, resulting in delivery rate profiles from a diffu-
sion controlled device that drop with time and fail to meet
sustained delivery target profiles for extended amounts of
time.

The present disclosure provides stable pharmaceutical
formulations of a pharmaceutically acceptable salt of a
therapeutic agent having low aqueous solubility, and one or
more formulation agents. The pharmaceutically acceptable
salt is a monovalent or a divalent salt, and the one or more
formulation agents include at least a complexing agent, a
solubilizing agent, and a buffering agent. The salts of the
therapeutic agent are dissolved in the pharmaceutical for-
mulations of the present disclosure. The formulations pro-
vided in the present disclosure are pazopanib formulations.
The formulation is a pharmaceutically acceptable monova-
lent or a divalent salt, e.g., a halide salt. The present
disclosure provides stable pharmaceutical formulations of
pazopanib mono- and/or di-chloride salt.

The present disclosure provides that the number of salt
molecules (e.g., IHCI or 2HCI) and the polymorphic Form
influences the solubility and/or stability of the therapeutic
agent in formulation. Depending on whether 1HCI or 2HCI
is present and/or polymorphic Forms of the salts, achieving
a stable and/or soluble formulation of the pharmaceutically
acceptable salt of the therapeutic agent requires different
methods of preparing the formulations. Moreover, the pres-
ent disclosure provides methods for altering one polymor-
phic form of the pharmaceutically acceptable salt of the
therapeutic agent to another polymorphic form. The meth-
ods provide an altered polymorphic form with higher solu-
bility of the pharmaceutically acceptable salt of the thera-
peutic agent in the formulation. The methods provide
dissolving active agent in formulations as an partial and/or
complete amorphous form. Accordingly, the present disclo-
sure provides stable and/or highly soluble formulations of
polymorphic Forms of a pharmaceutically acceptable salt of
a therapeutic agent characterized as having low aqueous
solubility or is insoluble in an aqueous solution.

Solubility of the therapeutic agents in water or an aqueous
solvent may vary from being sparingly soluble (parts of
solvent required for 1 part of solute being 30 to 100), slightly
soluble (parts of solvent required for 1 part of solute being
100 to 1000), very slightly soluble (parts of solvent required
for 1 part of solute being 1000 to 10,000), and practically
insoluble or insoluble (=10,000). Therapeutic agents of the
present invention may be a poor or low water soluble
compound. As referred to herein, a poor or low water soluble
compound may have a solubility of, for example, less than
1 mg/mL or less than 0.01 mg/mL.

Formulation

The formulations of the current disclosure are formulated
to achieve high concentration (about 1 mg/ml.-about 300
mg/mL) of a therapeutic agent, which is characterized as
being not soluble in water or is poorly soluble in water.

Complexing agents, such as cyclodextrins, which do not
cross biological membranes easily and do not affect the PK
properties of the therapeutic agents, are used to increase the
aqueous concentration of the agent in the reservoir of the
therapeutic device of the current disclosure. Complexing
agents, e.g., cyclodextrin formulations, of the present dis-
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closure, increase the concentration of dissolved therapeutic
agent up to 800,000 fold, as high as about 10 mg/mlL. to
about 100 mg/ml. for therapeutic agents with aqueous
solubility of 10 mg/mL or less, e.g., therapeutic agents with
aqueous solubility of about 0.1 ng/mL or less.

The present disclosure provides formulations of a thera-
peutic agent, e.g., pazopanib mono- or di-hydrochloride,
where the concentration in the device and/or at the target
upon delivery is between about 10 mg/mL to up to about 70
mg/mL (e.g., about 10 mg/mlL,, about 11 mg/mlL., about 12
mg/ml, about 13 mg/ml, about 14 mg/ml., about 15
mg/ml, about 16 mg/ml, about 17 mg/ml.,, about 18
mg/ml, about 19 mg/ml, about 20 mg/ml, about 21
mg/ml, about 22 mg/ml, about 23 mg/ml.,, about 24
mg/ml, about 25 mg/ml, about 26 mg/ml., about 27
mg/ml, about 28 mg/ml, about 29 mg/ml., about 30
mg/ml, about 31 mg/ml, about 32 mg/ml., about 33
mg/ml, about 34 mg/ml, about 35 mg/ml., about 36
mg/ml, about 37 mg/ml, about 38 mg/ml., about 39
mg/ml, about 40 mg/ml, about 41 mg/ml.,, about 42
mg/ml, about 43 mg/ml, about 44 mg/ml.,, about 45
mg/ml, about 46 mg/ml, about 47 mg/ml., about 48
mg/ml, about 49 mg/ml, about 50 mg/ml, about 51
mg/ml, about 52 mg/ml, about 53 mg/ml., about 54
mg/ml, about 55 mg/ml, about 56 mg/ml., about 57
mg/ml, about 58 mg/ml, about 59 mg/ml., about 60
mg/ml, about 61 mg/ml, about 62 mg/ml., about 63
mg/ml, about 64 mg/ml, about 65 mg/ml., about 66
mg/ml, about 67 mg/ml, about 68 mg/ml., about 69
mg/mL, or about 70 mg/mL). The present disclosure pro-
vides about 30 mg/mL to about 50 mg/ml. of pazopanib in
the formulation.

The measured concentration is between about 10 mg/mL
to up to about 70 mg/mL (e.g., about 10 mg/mL, about 11
mg/ml, about 12 mg/ml, about 13 mg/ml, about
mg/ml, about 15 mg/ml, about 16 mg/ml, about
mg/ml, about 18 mg/ml, about 19 mg/ml, about
mg/ml, about 21 mg/ml, about 22 mg/ml, about
mg/ml, about 24 mg/ml, about 25 mg/ml, about
mg/ml, about 27 mg/ml, about 28 mg/ml, about
mg/ml, about mg/ml, about mg/ml, about
mg/ml, about mg/ml, about mg/ml, about
mg/ml, about mg/ml, about mg/ml, about
mg/ml, about mg/ml, about mg/ml, about
mg/ml, about mg/ml, about mg/ml, about
mg/ml, about mg/ml, about mg/ml, about
mg/ml, about mg/ml, about mg/ml, about
mg/ml, about mg/ml, about mg/ml, about
mg/ml, about mg/ml, about mg/ml, about
mg/ml, about mg/ml, about mg/ml, about
mg/ml, about mg/ml, about mg/ml, about
mg/ml, about mg/ml, about mg/ml, about
mg/ml, about 66 mg/ml, about 67 mg/ml, about
mg/mL, about 69 mg/ml,, or about 70 mg/mL).

The present disclosure provides fill concentration of the
therapeutic agent, e.g., pazopanib 1HCL or 2HCL, in the
delivery device is between about 10 mg/mlL. to up to about
70 mg/mL (e.g., about 10 mg/mlL., about 11 mg/ml., about 12
mg/ml, about 13 mg/ml, about 14 mg/ml., about 15
mg/ml, about 16 mg/ml, about 17 mg/ml.,, about 18
mg/ml, about 19 mg/ml, about 20 mg/ml, about 21
mg/ml, about mg/ml, about mg/ml, about
mg/ml, about mg/ml, about mg/ml, about
mg/ml, about mg/ml, about mg/ml, about
mg/ml, about mg/ml, about mg/ml, about
mg/ml, about mg/ml, about mg/ml, about
mg/ml, about mg/ml, about mg/ml, about
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about
about
about
about
about
about
about
about

about
about
about
about
about
about
about
about
about
about

about
about
about
about
about
about
about
about

mg/mL,
mg/mL,
mg/mL,
mg/mL,
mg/mL,
mg/mL,
mg/mL,
mg/mL,
mg/ml, about mg/ml, about
mg/ml, about 67 mg/ml, about
mg/mL, or about 70 mg/mlL.).

The present disclosure provides monovalent halide salt,
e.g., chloride salt, of pazopanib that is stable in the disclosed
formulations, in a delivery device, at about 10 mg/ml, about
15 mg/ml, about 20 mg/ml, about 25 mg/ml, about 30
mg/ml, about 35 mg/ml, about 45 mg/ml, about 50 mg/ml,
about 55 mg/ml, about 60 mg/ml, about 65 mg/ml, about 70
mg/ml, about 75 mg/ml, or about 80 mg/ml. The present
disclosure provides monovalent halide salt, e.g., chloride
salt, of pazopanib that is stable in the disclosed formulations,
in a delivery device, at about 10 mg/ml up to about 15
mg/ml, about 15 mg/ml up to about 20 mg/ml, about 20
mg/ml up to about 25 mg/ml, about 25 mg/ml up to about 30
mg/ml, about 30 mg/ml up to about 35 mg/ml, about 35
mg/ml up to about 45 mg/ml, about 45 mg/ml up to about 50
mg/ml, about 50 mg up to about 55 mg/ml, about 55 mg/ml
up to about 60 mg/ml, about 60 mg/ml up to about 65 mg/ml,
about 65 mg/ml up to about 70 mg/ml, about 70 mg/ml up
to about 75 mg/ml, or about 75 mg/ml up to about 80 mg/ml.
The monovalent halide salt, e.g., chloride salt, of pazopanib
that is stable in the disclosed formulations at about 40 mg/ml
to up to about 60 mg/ml.

The present disclosure provides divalent halide salt, e.g.,
chloride salt, of pazopanib that is stable in the disclosed
formulations, in a delivery device, at about 10 mg/ml, about
15 mg/ml, about 20 mg/ml, about 25 mg/ml, about 30
mg/ml, about 35 mg/ml, about 45 mg/ml, about 50 mg/ml,
about 55 mg/ml, about 60 mg/ml, about 65 mg/ml, about 70
mg/ml, about 75 mg/ml, or about 80 mg/ml. The present
disclosure provide divalent halide salt, e.g., chloride salt, of
pazopanib that is stable in the disclosed formulations, in a
delivery device, at about 10 mg/ml to about 15 mg/ml, about
15 mg/ml to about 20 mg/ml, about 20 mg/ml to about 25
mg/ml, about 25 mg/ml to about 30 mg/ml, about 30 mg/ml
to about 35 mg/ml, about 35 mg/ml to about 45 mg/ml, about
45 mg/ml to about 50 mg/ml, about 50 mg to about 55
mg/ml, about 55 mg/ml to about 60 mg/ml, about 60 mg/ml
to about 65 mg/ml, about 65 mg/ml to about 70 mg/ml, about
70 mg/ml to about 75 mg/ml, or about 75 mg/ml to about 80
mg/ml. The divalent pazopanib halide salt, e.g., chloride
salt, of the present disclosure is stable in the disclosed
formulations at about 60 mg/ml.

The complexing agent is sulfobutyl ether-f3-cyclodextrin
(“SBEBCD”) or CAPTISOL®. The formulations intravitreal
delivery of the current disclosure comprises therapeutic
agent pazopanib mono- or di-hydrochloride in a complex
with CAPTISOL®. Association of therapeutic agent
pazopanib mono- or di-hydrochloride with CAPTISOL®
increases aqueous solubility of the agent by a factor of 10 to
25,000. Interaction of therapeutic agent pazopanib mono- or
di-hydrochloride with CAPTISOL® provides a beneficial
and protected environment for the therapeutic agent in the
lipophilic cavity of CAPTISOL®, while the hydrophobic
surface of CAPTISOL® provides effective water solubility,
thereby boosting both solubility and stability of the thera-
peutic agent. Furthermore, interaction of the therapeutic
agents with CAPTISOL® reduces decomposition of the

mg/mL,
mg/mL,
mg/mL,
mg/mL,
mg/mL,
mg/mL,
mg/mL,
mg/mL,

mg/mL,
mg/mL,
mg/mL,
mg/mL,
mg/mL,
mg/mL,
mg/mL,
mg/mL,
mg/mL,
mg/mL,
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agent by protecting labile regions from the potential reac-
tants in the aqueous environment.

The formulations of the current disclosure comprise
pazopanib or pazopanib mono- or di-hydrochloride associ-
ated with a complexing agent, e.g., cyclodextrin (“CD”), is,
without being limiting to the list herein, 2-hydroxypropyl-
p-cyclodextrin, methyl-f-cyclodextrin, randomly methyl-
ated-p-cyclodextrin, ethylated-p-cyclodextrin, triacetyl-f3-
cyclodextrin, peracetylated-p-cyclodextrin, carboxymethyl-
p-cyclodextrin, hydroxyethyl-p-cyclodextrin, 2-hydroxy-3-
(trimethylammonio)propyl-f-cyclodextrin, glucosyl-f-
cyclodextrin, maltosyl-p-cyclodextrin, sulfobutyl ether-f3-
cyclodextrin, branched-p-cyclodextrin, hydroxypropyl-y-
cyclodextrin, randomly methylated-y-cyclodextrin,
trimethyl-y-cyclodextrin, or any combination(s) thereof. The
CD in the formulation is present at a ratio to a therapeutic
agent of about 9:1, about 8:1, about 7:1, about 6:1, about 5:1,
about 4:1, about 3:1, or about 2:1. The ratio of CD:thera-
peutic agent is about 2.5:1. The CD:therapeutic agent ratio
is about 2.2:1; about 2.5:1; about 3.7:1; about 5:1; about 8:1;
or about 9:1.

The increase in the concentration of the therapeutic agent
in the device is about 100x higher than the concentration
required at the vitreous for effective treatment, prevention of
progression, or amelioration of vascular leakage and neo-
vascularization (NV) in the retina. Because the required
concentration at the vitreous for effective treatment, preven-
tion of progression, or amelioration of vascular leakage and
neovascularization (NV) is higher than the solubility limit of
the therapeutic agent, the embodiments of the current dis-
closure provide increased therapeutic agent solubility of
about or more than 1000x the inherent aqueous solubility of
the agent.

The formulations of the present disclosure comprise CAP-
TISOL® as the complexing agent. The concentration of the
therapeutic agent in the presence of CAPTISOL® is in a
drug delivery agent and/or, upon delivery, in the vitreous,
between 0.5 mg/mL to about 90 mg/mL. For example, the
concentration of pazopanib mono- or di-hydrochloride in the
presence of CAPTISOL® is about 20 mg/ml., about 30
mg/ml, about 40 mg/ml, about 50 mg/ml., about 60
mg/ml, about 70 mg/ml., about 80 mg/ml., or about 90
mg/mL.

Additional components of the formulation are: trehalose,
methylcellulose, ethylcellulose, sodium carboxymethylcel-
Iulose, hydroxypropylmethylcellulose, sodium hyaluronate,
sodium alginate, chitosan and its derivatives, polyethylene
glycol, glycerin, propylene glycol, Triacetin, N,N-Dimethy-
lacetamide, pyrrolidone, dimethyl sulfoxide, ethanol, N-(-
beta-Hydroxyethyl)-lactamide, 1-Methyl-2-pyrrolidinone,
triglycerides, monothioglycerol, sorbitol, lecithin, methyl-
paraben, propylparaben, polysorbates, block copolymers of
ethylene oxide and propylene oxide, di-block polymers or
tri-block copolymers of polyethylene oxide and polypropyl-
ene oxide, ethoxylated emulsifiers, polyethylene glycol
esters, sucrose laurate, Tocopherol-PEG-succinate, phos-
pholipids and their derivatives, or other non-ionic self-
emulsifying agents.

Solubilizing agents in the formulation of the current
disclosure include, without being a limiting example, treha-
lose, methylcellulose, ethylcellulose, sodium carboxymeth-
ylcellulose, sodium hyaluronate, sodium alginate, polyeth-
ylene glycol, glycerin, propylene glycol, Triacetin, N,N-
Dimethylacetamide, poly(vinyl pyrrolidone), pyrrolidone,
or any combination(s) thereof. The solubilizing agent used
in the preparation of formulations of the present disclosure
is poly(vinyl pyrrolidone) (PVP). For example, the formu-
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lations of the current disclosure comprise between about
0.2% to about 1% PVP. The present disclosure provides,
formulations with between about 5 mg/mL PVP to about 30
mg/mL PVP.

The solubilizing agent added to the formulations of the
present disclosure comprises between about 0.1% to about
5.0% (e.g., about 0.1%, about 0.2%, about 0.3%, about
0.4%, about 0.5%, about 0.6%, about 0.7%, about 0.8%,
about 0.9%, about 1.0%, about 1.1%, about 1.2%, about
1.3%, about 1.4%, about 1.5%, about 1.6%, about 1.7%,
about 1.8%, about 1.9%, about 2.0%, about 2.1%, about
2.2%, about 2.3%, about 2.4%, about 2.5%, about 2.6%,
about 2.7%, about 2.8%, about 2.9%, about 3.0%, about
3.1%, about 3.2%, about 3.3%, about 3.4%, about 3.5%,
about 3.6%, about 3.7%, about 3.8%, about 3.9%, about
4.0%, about 4.1%, about 4.2%, about 4.3%, about 4.4%,
about 4.5%, about 4.6%, about 4.7%, about 4.8%, about
4.9%, about 5.0%) PVP. The formulations of the present
disclosure comprise, e.g., about 1% PVP.

The formulations of the present disclosure include a
buffering agent, e.g., Histidine HCIl. The formulations
include about 5 mg/mlL to about 30 mg/ml. buffering agent,
e.g., Histidine HCl, (e.g., about 5 mg/ml., about 6 mg/mlL.,
about 7 mg/ml., about 8 mg/mL, about 9 mg/ml., about 10
mg/ml, about 11 mg/ml, about 12 mg/ml, about 13
mg/ml, about 14 mg/ml, about 15 mg/ml., about 16
mg/ml, about 17 mg/ml, about 18 mg/ml.,, about 19
mg/ml, about 20 mg/ml, about 21 mg/ml., about 22
mg/ml, about 23 mg/ml, about 24 mg/ml, about 25
mg/ml, about 26 mg/ml, about 27 mg/ml., about 28
mg/mL, about 29 mg/ml,, or about 30 mg/mL).

The pH of the formulations is between about 1.0-about
7.0 (e.g., pH of about 1.0, about 1.1, about 1.2, about 1.3,
about 1.4, about 1.5, about 1.6, about 1.7, about 1.9, about
2.0, about 2.1, about 2.2, about 2.3, about 2.4, about 2.5,
about 2.6, about 2.7, about 2.8, about 2.9, about 3.0, about
3.1, about 3.2, about 3.3, about 3.4, about 3.5, about 3.6,
about 3.7, about 3.8, about 3.9, about 4.0, about 4.1, about
4.2, about 4.3, about 4.4, about 4.5, about 4.6, about 4.7,
about 4.8, about 4.9, about 5.0, about 5.1, about 5.2, about
5.3, about 5.4, about 5.5, about 5.6, about 5.7, about 5.8,
about 5.9, about 6.0, about 6.1, about 6.2, about 6.3, about
6.4, about 6.5, about 6.6, about 6.7, about 6.8, about 6.9, or
about 7.0).

Additional additives for including in the formulations of
the present disclosure are, without being a limiting example,
triacetine (about 1x molar ration to the therapeutic agent),
L-Lysine (about 25 mg/ml.), ammonium acetate about
0.1%-about 5% (w/v) (e.g., about 2% (w/v)), or glycerol
about 0.1%-about 5% (w/v) (e.g., about 2% (w/v)).

The formulation of the current disclosure includes one or
two agents for pH adjustment for increasing buffering capac-
ity of the formulation in the therapeutic device. One or two
pH adjustment agents is/are selected from, without being a
limiting example, sodium hydroxide, hydrochloric acid,
citric acid, malic acid, acetate, tartaric acid, histidine, phos-
phate, or any combination(s) thereof. In one embodiment,
the formulation comprises agents for pH adjustment, but no
complexing agents. The one or two pH adjusting agents are
citric acid and/or histidine.

The formulation of the current disclosure includes a
tonicity adjusting agent. For example, the tonicity adjusting
agent is, without being a limiting example, sodium chloride,
sodium phosphate, or any combination(s) thereof.

The formulations of the current disclosure have high
stability during the use time of the PDS implant. For
example, formulations are stable in the PDS reservoir cham-
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ber at 37° C. at physiological conditions for at least 6
months. For example, the formulations are stable in the PDS
in the presence of vitreous components diffusing from the
vitreous.

The formulations of the present disclosure are used in a
method of ocular drug delivery. The formulations of the
present disclosure are intravitreal delivery formulation. The
formulations of the present disclosure are not formulated as
eye drops. The formulations of the present disclosure are not
formulated for topical delivery. The formulations of the
present disclosure are not formulated for oral delivery or
parenteral delivery. The formulations of the present disclo-
sure are not formulated for periocular delivery.

Methods of Preparation

The present disclosure provides methods of preparing
and/or manufacturing a stable and in solution pharmaceuti-
cal formulation of pharmaceutically acceptable salts of
pazopanib.

The present disclosure provides drug formulation pro-
cesses that depend on the sample of the active agent and,
therefore, the characteristics of the active in a given sample.
This disclosure provides formulation processes depending
on the salt forms and the crystallinity of the active agent.
Tables 1, 2, and 3 provide summaries of the characteristics
of the active pazopanib of the present disclosure.

TABLE 1
pH Comparison of pazopanib/CAPTISOL ® solutions
with similar composition:
CAPTISOL ®
amount, mg

Pharmaceutical Water, (1.5x molar  Pazopanib pH,
ingredient in Sample mL ratio to drug)  salt, mg  measured
N/A - CAPTISOL ® 1 157.35 0 6.60
only
Pazopanib-Sample 1 1 157.79 22.40 1.68
Pazopanib-Sample 2- 1 157.53 22.65 334
lyophilized-TFE
(1HCH*
Pazopanib-Sample 2 1 157.28 22.41 3.36
(1HCH*

*Based on its XRD pattern, Sample-2 has crystal structure as Form-A, which contains one
HCI per drug molecule.

Chloride content comparison: Table 2 provides chloride
content of various API samples, as measured by X-ray
Fluorescence (XRF). See Evans Analytical Laboratories,
X-RAY FLUORESCENCE (XRF) ANALYSIS REPORT,
21 Feb. 2014, JOB NUMBER COELG412.

TABLE 2

Drug sample

Pazopanib-
Source2-- Pazopanib- Pazopanib-
lyophilized-TFE Sample-2 Sample = 1

Element HEL-1 HE-14 MA
C 41.9 41.7 37.8
N 277 295 264
o 11.2 1.3 10
F 3.6 — 1.2
Al — 0.004
Si — 0.026
S 7.34 8.29 7.72
Cl 8.22 9.2 16.7
Ca — 0.01
Fe? 0.012 0.009 0.051
Ni® 0.01 0.006 —
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TABLE 2-continued
Drug sample
Pazopanib-
Source2-- Pazopanib- Pazopanib-
lyophilized-TFE Sample-2 Sample = 1
Element HEL-1 HE-14 MA
Zn — — 0.008
Br — — 0.005

Slamplet Compositions (in wt %) - normalized to 100% of the measured and detected
From the results of the pH and the chloride content

analysis it is concluded that the pharmaceutical ingredient

from sample-1 contains 2-HCI per each pazopanib molecule,

compared to active from sample-2, which contains only 1

HCl/per drug molecule.

Divalent Salt

The present disclosure provides a method for preparing a
formulation of a divalent salt of pazopanib. The method
includes the steps of (a) dissolving a divalent salt of
pazopanib in a solution of one or more formulation agents.
The formulation agents used in the method include, but
without being limited to, a complexing agent, a solubilizing
agent, and a buffering agent. The pH of the solution after
dissolving the divalent salt in the solution of formulation
agents is adjusted to an optimal pH for maintaining stability
of the divalent salt in the formulation before and/or after
release, solubility of the divalent salt in the formulation
before and/or after release, release rate of the divalent salt in
the formulation from a delivery device, and/or therapeutic
efficacy of pazopanib upon release into the posterior seg-
ment of the eye. The pharmaceutically acceptable salt is a
divalent halide salt of pazopanib, e.g., a divalent chloride
salt of pazopanib, a divalent bromide salt of pazopanib, a
divalent iodide salt of pazopanib, or a divalent fluoride salt
of pazopanib. The present disclosure provides a method of
preparing divalent chloride salt of pazopanib.

The divalent chloride salt in the formulation of pazopanib
prepared by the method of the present disclosure is poly-
morphic Form XIV having a XRPD diffraction peaks 7.8,
12.4, 22.9, 23.6 and 26.9+0.2 degrees at 26 (further char-
acterized by peaks at 14.8, 17.5, 19.0, 25.3 and 27.4+0.2
degrees at 20); or Form I having a XRPD diffraction peaks
6.7,7.4,12.0, 14.8, 23.620.2 degrees at 20 (further charac-
terized by peaks at 13.3, 14.8, 19.0, 26.6+0.2 degrees at 20);
or Form XV having XRPD diffraction peaks 6.9, 12.1, 23.6,
26.8 and 27.4+0.2 degrees at 20 (further characterized by
peaks at 15.7, 19.4, 23.3, and 25.7+0.2 degrees at 20). The
present disclosure provides a method of preparing a formu-
lation of polymorphic Form XIV of pazopanib dihydrochlo-
ride having a XRPD diffraction peaks 7.8, 12.4, 22.9, 23.6
and 26.9£0.2 degrees at 20 (further characterized by peaks
at 14.8, 17.5, 19.0, 25.3 and 27.4+0.2 degrees at 20).

The complexing agent used in the method of preparing a
divalent salt formulation of pazopanib is a Cyclodextrin,
e.g., 2-hydroxypropyl-p-cyclodextrin, methyl-p-cyclodex-
trin, randomly methylated-f-cyclodextrin, ethylated-f-cy-
clodextrin, triacetyl-p-cyclodextrin, peracetylated-f-cyclo-
dextrin, carboxymethyl-f-cyclodextrin, hydroxyethyl-f-
cyclodextrin,  2-hydroxy-3-(trimethylammonio)propyl-f3-
cyclodextrin, glucosyl-f-cyclodextrin, maltosyl-f3-
cyclodextrin, sulfobutyl ether-p-cyclodextrin, branched-3-
cyclodextrin, hydroxypropyl-y-cyclodextrin, randomly
methylated-y-cyclodextrin, trimethyl-y-cyclodextrin, or any
combination(s) thereof.
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The solubilizing agent used in the method for preparing a
formulation of a divalent salt of pazopanib of the present
disclosure is poly(vinyl pyrrolidone) (PVP). The buffering
agent used in the method for preparing a formulation of a
divalent salt of pazopanib of the present disclosure is
Histidine HCI.

The method of the present disclosure provides formula-
tion of 2 HCI per each pazopanib molecule to formulate up
to about 60 mg/ml drug concentrations. The drug is dis-
solved in CAPTISOL® solution, formulation agents are
then added before pH is adjusted.

Formulations are prepared by dissolving the required
amount of pazaopanib 2HCI salt in cyclodextrin, acid, and
formulation agents in water. Pazaopanib 2HCI is added and
mixed until dissolution. Then sodium hydroxide is added to
reach the final pH. Formulation is filtered and then injected
into PDS implants to perform therapeutic agent release
testing.

The present disclosure provides formulations of a thera-
peutic agent, e.g., pazopanib di-hydrochloride (2HCI) and
making of preparing thereof, where the active agent is stable
in formulation for an extended period (i.e., more than 60
days and/or more than 90 days). Formulations with the
stable active agent, e.g., pazopanib 2HCI, have up to about
70 mg/ml active agent. The present disclosure provides
formulation of pazopanib 2HCI] having up to about 10
mg/mL, up to about 11 mg/mL, up to about 12 mg/mL, up
to about 13 mg/ml., up to about 14 mg/mL, up to about 15
mg/mL, up to about 16 mg/mL, up to about 17 mg/mL., up
to about 18 mg/mlL., up to about 19 mg/mL, up to about 20
mg/mL, up to about 21 mg/mL, up to about 22 mg/mlL., up
to about 23 mg/ml., up to about 24 mg/mL, up to about 25
mg/mL, up to about 26 mg/mL, up to about 27 mg/mlL., up
to about 28 mg/mlL., up to about 29 mg/mL, up to about 30
mg/mL, up to about 31 mg/mL, up to about 32 mg/mL., up
to about 33 mg/ml., up to about 34 mg/mL, up to about 35
mg/mL, up to about 36 mg/mL, up to about 37 mg/mL., up
to about 38 mg/mlL., up to about 39 mg/mL, up to about 40
mg/mL, up to about 41 mg/mL, up to about 42 mg/mlL., up
to about 43 mg/mlL., up to about 44 mg/mL, up to about 45
mg/mL, up to about 46 mg/mL, up to about 47 mg/mL., up
to about 48 mg/mlL., up to about 49 mg/mL, up to about 50
mg/mL, up to about 51 mg/mL, up to about 52 mg/mlL., up
to about 53 mg/ml., up to about 54 mg/mL, up to about 55
mg/mL, up to about 56 mg/mL, up to about 57 mg/mL., up
to about 58 mg/mlL., up to about 59 mg/mL, up to about 60
mg/mL, up to about 61 mg/mL, up to about 62 mg/mL., up
to about 63 mg/ml., up to about 64 mg/mL, up to about 65
mg/mL, up to about 66 mg/mL, up to about 67 mg/mL., up
to about 68 mg/mlL., up to about 69 mg/ml., or up to about
70 mg/mL of the stable active.

Monovalent Salt

The present disclosure provides a method for preparing a
stable and/or soluble formulation of a monovalent salt of a
therapeutic agent. The monovalent salt is highly insoluble in
aqueous solutions and is prone to precipitation during stor-
age, and/or before and/or after delivery of the formulation
into a target site. The present disclosure provides methods of
increasing ease of solubilizing the monovalent salt and/or
increasing the stability of the monovalent in solution. The
methods provide increased solubility and/or stability of the
monovalent salt in formulation such that the salt remains
dissolved during storage, and/or before and/or after delivery
into a target site for an extended period of time.

To dissolve the drug, e.g., monohydrochloride of
pazopanib, in one method of the present disclosure, long
solubilization time and extra acid addition is necessary; the
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pH of the formulation is adjusted with hydrochloric acid
(HCI) to equal or to below about pH=2. After a long
solubilization process of the drug and the excipients (1-3
days) in CAPTISOL® solutions with pH below about 2, the
pH is adjusted.

NaOH pretreatment of the drug (amorphization) is also
successfully employed prior to the solubilization step at low
pH. While the amorphization step reduces the time required
to prepare high concentration solutions, however, this step
also significantly increases the total salt content of the
formulation.

The present disclosure provides a method of preparing a
stable pharmaceutical formulation of a pharmaceutically
acceptable monovalent salt of a therapeutic agent having
low aqueous solubility. The method of preparing a stable
pharmaceutical formulation of a monovalent salt of a thera-
peutic agent includes the steps of: (a) treating the monova-
lent salt with a base (amortization); (b) dissolving the base
treated salt in a solution of one or more formulation agents;
and (c) adjusting the pH with an acid to a pH equal to or
below about 4, equal to or below about 3, equal to or below
about 2, or equal to or below about 1. The formulation
agents used in the method include, but not limited to, a
complexing agent, a solubilizing agent, and a buffering
agent. The base treatment of the monovalent salt increases
the total salt content in the formulation. Adjusting the pH
with acid increases solubility of the salt in the formulation.

The present disclosure provides a method of preparing a
stable pharmaceutical formulation of a pharmaceutically
acceptable monovalent salt of pazopanib. The method of
preparing a stable pharmaceutical formulation of a monova-
lent salt of pazopanib, e.g., a monovalent chloride salt of
pazopanib, a monovalent bromide salt of pazopanib, a
monovalent iodide salt of pazopanib, or a monovalent fluo-
ride salt of pazopanib, includes the steps of: (a) treating the
monovalent salt with a base; (b) dissolving the base treated
salt in a solution of one or more formulation agents; and (c)
adjusting the pH with an acid to a pH equal to or below about
4, equal to or below about 3, equal to or below about 2, or
equal to or below about 1. The formulation agents used in
the method include, but not limited to, a complexing agent,
a solubilizing agent, and a buffering agent. The base treat-
ment of the monovalent salt increases the total salt content
in the formulation. Adjusting the pH with acid increases
solubility of the salt in the formulation. The base is, e.g.,
sodium hydroxide (NaOH). The acid is, e.g., hydrochloric
acid (HC).

The complexing agent used in the method of preparing a
monovalent salt formulation of pazopanib is a cyclodextrin,
e.g., 2-hydroxypropyl-p-cyclodextrin, methyl-3-cyclodex-
trin, randomly methylated-f-cyclodextrin, ethylated-f-cy-
clodextrin, triacetyl-p-cyclodextrin, peracetylated-f-cyclo-
dextrin, carboxymethyl-f-cyclodextrin, hydroxyethyl-f-
cyclodextrin,  2-hydroxy-3-(trimethylammonio)propyl-f3-
cyclodextrin, glucosyl-f-cyclodextrin, maltosyl-f3-
cyclodextrin, sulfobutyl ether-p-cyclodextrin, branched-3-
cyclodextrin, hydroxypropyl-y-cyclodextrin, randomly
methylated-y-cyclodextrin, trimethyl-y-cyclodextrin, or any
combination(s) thereof.

The solubilizing agent used in the method for preparing a
formulation of a monovalent salt of pazopanib of the present
disclosure is poly(vinyl pyrrolidone) (PVP). The buffering
agent used in the method for preparing a formulation of a
monovalent salt of pazopanib of the present disclosure is
Histidine HCI.
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The solubilizing agent used in the method for preparing a
formulation of a monovalent salt of pazopanib of the present
disclosure is poly(vinyl pyrrolidone) (PVP), and without any
buffering agent.

The present disclosure provides considerably improved
stability of the 1HCI pazopanib formulations by lowering
the drug concentration to below 40 mg/mlL..

The active is prone to precipitation at high concentration.
The present disclosure provides methods of preparing stable,
solution formulation of a low solubility active, e.g.,
pazopanib.

The present disclosure provides formulations of a thera-
peutic agent, e.g., pazopanib monohydrochloride (1HCI)
and methods of preparing thereof, where the active agent is
stable in formulation for an extended period (i.e., more than
60 days and/or more than 90 days) at lower than or higher
than about 40 mg/ml.. Formulations, with the stable active
agent, e.g., pazopanib 1HCI, are stable up to about 60
mg/mL. The present disclosure provides formulation of
pazopanib 1HCI having up to about 10 mg/mL, up to about
11 mg/mlL., up to about 12 mg/ml, up to about 13 mg/ml.,
up to about 14 mg/mlL., up to about 15 mg/mL, up to about
16 mg/mL, up to about 17 mg/mL, up to about 18 mg/ml.,
up to about 19 mg/mL., up to about 20 mg/mL, up to about
21 mg/mL, up to about 22 mg/mL, up to about 23 mg/ml.,
up to about 24 mg/mlL., up to about 25 mg/mL, up to about
26 mg/mL, up to about 27 mg/mL, up to about 28 mg/ml.,
up to about 29 mg/mlL., up to about 30 mg/mL, up to about
31 mg/mL, up to about 32 mg/mL, up to about 33 mg/ml,
up to about 34 mg/mlL., up to about 35 mg/mL, up to about
36 mg/mL, up to about 37 mg/mL, up to about 38 mg/mlL.,
up to about 39 mg/mlL., up to about 40 mg/mL, up to about
41 mg/mL, up to about 42 mg/mL, up to about 43 mg/ml.,
up to about 44 mg/mlL., up to about 45 mg/mL, up to about
46 mg/mL, up to about 47 mg/mL, up to about 48 mg/ml.,
up to about 49 mg/mlL., up to about 50 mg/mL, up to about
51 mg/mL, up to about 52 mg/mL, up to about 53 mg/mL,
up to about 54 mg/mL., up to about 55 mg/mL, up to about
56 mg/mL, up to about 57 mg/mL, up to about 58 mg/mL,
up to about 59 mg/mL, or up to about 60 mg/ml of the stable
active.

The present disclosure provides methods for improving
stability of 1HCl pazopanib formulation by performing
lyophilization the active agent before solubilization. The
present disclosure provides formulation processes (methods
of preparing formulations) for improving solubility and
stability of 1HCI pazopanib in formulations by performing
lyophilization the active agent before solubilization in the
formulation agents.

The present disclosure provides testing the effects of
lyophilization from two different solvents (trifluoro ethanol
(TFE) and dimethyl sulfoxide (DMSO)) on the crystal
structure and/or the amorphous content of active agent from
sample-2.

The pazopanib salts of the present disclosure are in
crystalline and/or amorphous forms. A summary of XRPD
results for various pazopanib salts used in formulations of
the present disclosure is provided in Table 3.

TABLE 3

Phases Identified

API by XRPD % Crystallinity

Pazopanib monovalent Form A about 100.0

salt (1HCI)
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TABLE 3-continued

Phases Identified

API by XRPD % Crystallinity
Pazopanib divalent salt Form XIV about 100.0
(2HCD

Pazopanib monovalent Form G about 70.7

salt (1HCI),

Lyophilized from DMSO;

Pazopanib monovalent Amorphous about 3.9

salt (1HCI),
Lyophilized from TFE;

Lyophilization is performed, by standard methods in the
art, from trifluoro ethanol (TFE), trifluoro ethanol-water
(90-10) mixture or from dimethyl sulfoxide (DMSO).

The lyophilization conditions from DMSO of the present
disclosure include conditions described in Table 4 below:

TABLE 4

Step # Operation Temperature (° C.) Duration (min)

Thermal Treatment

3 Hold about 2-about 7 20-40

4 Ramp about —30 to about —50 100-130
5  Hold about -30 to about -50 40-80

Primary Drying
Chill Condenser and Set Vacuum Control for the following steps
6  Ramp about —5.0 to about +5.0 80-150
7  Hold about —5.0 to about +5.0 700-1100
8  Ramp about 30 to about 50 300-400
9 Hold about 30 to about 50 400-800
Secondary Drying
Set Vacuum Control for the Following Steps

10 Ramp about 30 to about 70 80-120
11 Hold about 30 to about 70 1200-1900

The present disclosure provides methods of preparing a
stable pharmaceutical formulation of a pharmaceutically
acceptable monovalent salt of a therapeutic agent having
low aqueous solubility.

The present disclosure provides a crystalline form of a
therapeutic agent pretreated prior to formulation process.
The present disclosure provides lyophilizing a therapeutic
agent, e.g., pazopanib 1HCI, from an alcohol, thereby con-
verting a crystalline phase Form A of pazopanib 1HCI to an
amorphous (or microcrystalline) material form of pazopanib
1HC], as determined by XPRD. The lyophilizing from an
alcohol, e.g., trifluoroethanol (TFE), converts a crystalline
phase Form A of pazopanib 1HCI to an amorphous (or
microcrystalline) material form of pazopanib 1HCI, as deter-
mined by XPRD. The Form A of pazopanib 1HCI is dis-
solved in an alcohol, e.g., TFE, or in TFE/water mixtures
and then the solution is lyophilized. The lyophilized salt is
dissolved in the solution at a temperature between about 37°
C. to about 50° C. The present disclosure provides a method
of converting a crystal form of pazopanib to an amorphous
(or microcrystalline) form of pazopanib, the method com-
prising dissolving the crystal form in trifluoro ethanol (TFE)
and lyophilizing the resulting solution; wherein up to or at
least 96% amorphous pazopanib is formed.

The crystalline form of the therapeutic agent, e.g.,
pazopanib monohydrochloride, is pretreated by lyophiliza-
tion. For example, about 60 mg/mL. of a therapeutic agent,
e.g., pazopanib monohydrochloride, solution in TFE is pre-
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pared. About 1% to about 30% water (e.g., about 20%) water
is also added to the solution of the therapeutic agent, e.g.,
pazopanib monohydrochloride, solution in TFE. The solu-
tion is then freeze dried (with or without the added water)
under standard condition in the art. The solution is dried
under about 35° C.-about 50° C. (e.g., about 40° C.) for
about 12 hours to about 24 hours or at about 50° C.-about
65° C. (e.g., at about 60° C.) for about 4-about 8 hours. The
lyophilization from TFE converts crystalline phase Form A
to partially or completely (e.g., up to or at least 96%)
amorphous phase. The amorphous (or microcrystalline)
pazopanib monohydrochloride, i.e., the lyophilized in TFE,
is then dissolved in the solution prepared by mixing at least
a solubilizing agent, a buffering agent, and a complexing
agent, as described in the present disclosure.

The methods of converting a crystal form (e.g., Form A)
of pazopanib to a material containing amorphous form
provide up to about 80%, up to about 81%, up to about 82%,
up to about 83%, up to about 84%, up to about 85%, up to
about 86%, up to about 87%, up to about 88%, up to about
89%, up to about 90%, up to about 91%, up to about 92%,
up to about 93%, up to about 94%, up to about 95%, or up
to about 96% amorphous pazopanib 1HCI. Alternatively, the
methods provide that at least about 80%, at least about 81%,
at least about 82%, at least about 83%, at least about 84%,
at least about 85%, at least about 86%, at least about 87%,
at least about 88%, at least about 89%, at least about 90%,
at least about 91%, at least about 92%, at least about 93%,
at least about 94%, at least about 95%, at least about 96%,
at least about 97%, at least about 98%, or at least about 99%
amorphous pazopanib 1HCl is formed. The remaining active
agent is in crystalline form, either in the original Form, or in
a mixture of the original or another Form (e.g., Form A
and/or Form G).

The present disclosure provides lyophilizing a therapeutic
agent, e.g., pazopanib 1HCI, from a polar aprotic solvent for
converting one crystalline phase Form, e.g., crystalline
phase Form A of pazopanib 1HC], to a material containing
up to or at least about 70% different crystalline phase form,
e.g., Form G of pazopanib 1HCI, as determined by XRPD.
The lyophilized salt is dissolved in the solution at a tem-
perature between about 37° C. to about 50° C. The lyophiliz-
ing from an organosulfur compound converts crystalline
phase Form A of pazopanib 1HCI to a material containing at
least about 70% Form G of pazopanib 1HCI, as determined
by XRPD. The lyophilizing from dimethyl sulfoxide
(DMSO) converts crystalline phase Form A of pazopanib
1HCI to a material containing up to or at least about 70%
Form G of pazopanib 1HCI, as determined by XRPD. The
lyophilizing from dimethyl sulfoxide (DMSO) converts
crystalline phase Form A of pazopanib 1HCI to a material
containing about 100% Form G of pazopanib 1 HCI, as
determined by XRPD. The lyophilized salt is dissolved in
the solution at a temperature between about 37° C. to about
50° C. The present disclosure provides a method of con-
verting a crystal form of pazopanib to a material containing
crystal Form G of pazopanib, the method comprising dis-
solving the crystal form in DMSO and lyophilizing the
resulting solution; wherein at least about 70% Form G of
pazopanib is formed.

The present disclosure provides a method of converting
crystal Form A of pazopanib to a material containing crystal
Form G of pazopanib, the method comprising dissolving
Form A in DMSO and lyophilizing the resulting solution;
wherein the up to or at least about 70% Form G of pazopanib
is formed. The present disclosure provides a method of
converting crystal Form A of pazopanib to a material con-
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taining crystal Form G of pazopanib, the method comprising
dissolving the crystal Form A in DMSO and lyophilizing the
resulting solution; in which between about 70% to about
100% (e.g., about 70%, about 71%, about 72%, about 73%,
about 74%, about 75%, about 76%, about 77%, about 78%,
about 79%, about 80%, about 81%, about 82%, about 83%,
about 84%, about 85%, about 86%, about 87%, about 88%,
about 89%, about 90%, about 91%, about 92%, about 93%,
about 94%, about 95%, about 96%, about 97%, about 98%,
about 99%, about 100%) Form G of pazopanib is formed.

The methods of converting a crystal form (e.g., Form A)
of pazopanib to a material containing crystal Form G
provide up to about 50%, up to about 51%, up to about 52%,
up to about 53%, up to about 54%, up to about 55%, up to
about 56%, up to about 57%, up to about 58%, up to about
59%, up to about 60%, up to about 61%, up to about 62%,
up to about 63%, up to about 64%, up to about 65%, up to
about 66%, up to about 67%, up to about 68%, up to about
69%, or up to about 70% Form G is of pazopanib is formed.
Alternatively, the methods provide that at least about 70%,
at least about 71%, at least about 72%, at least about 73%,
at least about 74%, at least about 75%, at least about 76%,
at least about 77%, at least about 78%, at least about 79%,
at least about 80%, at least about 81%, at least about 82%,
at least about 83%, at least about 84%, at least about 85%,
at least about 86%, at least about 87%, at least about 88%,
at least about 89%, at least about 90%, at least about 91%,
at least about 92%, at least about 93%, at least about 94%,
at least about 95%, at least about 96%, at least about 97%,
at least about 98%, at least about 99%, or at least about
100% Form G of pazopanib is formed.

The present disclosure provides a crystalline form of a
therapeutic agent, e.g., pazopanib monohydrochloride, pre-
treated prior to formulation process. The crystalline form of
the therapeutic agent, e.g., pazopanib monohydrochloride, is
pretreated by lyophilization (see Table 4 for an example of
the lyophilization conditions from DMSO). About 20-60
mg/mL of a therapeutic agent, e.g., pazopanib monohydro-
chloride, solution in DMSO (dimethyl sulfoxide) is pre-
pared. The solution is then freeze dried under standard
condition in the art. Drying conditions of the present dis-
closure are at temperature higher than ambient temperature.
For example, the solutions of the present disclosure are dried
under about 35° C.-about 50° C. (e.g., about 40° C.) for
about 12-about 24 hours and about 50° C.-about 65° C. (e.g.,
at about 60° C.) for about 24-about 40 hours and at about
90-about 110° C. (e.g., at about 100° C.) for about 0.5-about
2 hours. The lyophilization from DMSO converts crystalline
phase Form A to crystalline phase Form G, as determined by
XRPD.

The lyophilizing step from DMSO in the method of the
present disclosure converts a crystalline phase Form A of
pazopanib, having XRPD peaks at 5.6, 15.5, 16.4, 24.0 and
24.3£0.2 degrees at 20 (further characterized by peaks at
10.5, 16.8, 17.9, 26.4 and 32.9+0.2 degrees at 26), to Form
G, characterized by XRPD peaks at 9.6, 16.8, 19.6, 24.7 and
26.240.2 degrees at 20 (further characterized by peaks at
11.8, 14.6, 15.3, 18.4, 20.3 and 23.6+0.2 degrees at 26).

The present disclosure provides a method of preparing a
stable pharmaceutical formulation of a pharmaceutically
acceptable monovalent salt of a therapeutic agent, including
the steps of: (a) preparing a solution of the salt in an organic
solvent (TFE or DMSO); and (b) lyophilizing the solution,
thereby preparing a lyophilized salt of the therapeutic agent.
The method of preparing a stable pharmaceutical formula-
tion of a pharmaceutically acceptable monovalent salt of a
therapeutic agent further includes the steps of: (c) dissolving
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a solubilizing agent and a buffering agent in water, thereby
preparing a solution; (d) dissolving a complexing agent in
the aqueous solution of the solubilizing agent and the
buffering agent, thereby preparing a solution; (e) adding the
lyophlilized salt to the solution, mixing, dissolving in the
solution at equal to or higher (about 37° C.-about 50° C.)
than about ambient temperature; and (f) optionally adjusting
the pH of the formulation. The lyophilized salt is dissolved
in the solution at a temperature between about 37° C. to
about 50° C. (e.g., at about 37° C., at about 38° C., at about
39° C., at about 40° C., at about 41° C., at about 42° C., at
about 43° C., at about 44° C., at about 45° C., at about 46°
C., at about 47° C., at about 48° C., at about 49° C., at about
50° C.).

The solubilizing agent used in the method is PVP. The
buffering agent used in the method is Histidine HCI. The
complexing agent used in the method is a cyclodextrin is:
2-hydroxypropyl-p-cyclodextrin,  methyl-f-cyclodextrin,
randomly methylated-f-cyclodextrin, ethylated-f3-cyclodex-
trin, triacetyl-f-cyclodextrin, peracetylated-p-cyclodextrin,
carboxymethyl-f-cyclodextrin, hydroxyethyl-p-cyclodex-
trin, 2-hydroxy-f-(trimethylammonio)propyl-p-cyclodex-
trin, glucosyl-p-cyclodextrin, maltosyl-p-cyclodextrin, sul-
fobutyl ether-f-cyclodextrin, branched-f-cyclodextrin,
hydroxypropyl-y-cyclodextrin, randomly methylated-y-cy-
clodextrin, trimethyl-y-cyclodextrin, or any combination(s)
thereof.

The present disclosure provides a method of preparing a
stable pharmaceutical formulation of a pharmaceutically
acceptable monovalent salt of pazopanib, e.g., a monovalent
chloride salt of pazopanib, a monovalent bromide salt of
pazopanib, a monovalent iodide salt of pazopanib, or a
monovalent fluoride salt of pazopanib, including the steps
of: (a) preparing a solution of the salt in an organic solvent
(TFE or DMSO); and (b) lyophilizing the solution, thereby
preparing a lyophilized salt of pazopanib. The method of
preparing a stable pharmaceutical formulation of a pharma-
ceutically acceptable monovalent salt of pazopanib provides
that after lyophilization, the lyophilized monovalent halide
salt of pazopanib, e.g., a monovalent chloride salt, e.g.,
hydrochloride salt, of pazopanib, a monovalent bromide salt
of pazopanib, a monovalent iodide salt of pazopanib, or a
monovalent fluoride salt of pazopanib, is amorphous.

The method of preparing a stable and in solution phar-
maceutical formulation of a pharmaceutically acceptable
monovalent salt of pazopanib further involves: (c) dissolv-
ing a solubilizing agent and a buffering agent in water,
thereby preparing a solution; (d) dissolving a complexing
agent in the aqueous solution of the solubilizing agent and
the buffering agent, thereby preparing a solution; (e) adding
the lyophlilized salt to the viscous solution, mixing, dissolv-
ing in the solution at equal to or higher (e.g., about 37° C.
or 50° C.) than about ambient temperature; and (f) optionally
adjusting the pH of the formulation. The lyophilized salt is
dissolved in the solution at a temperature between about 37°
C. to about 50° C. (e.g., at about 37° C., at about 38° C., at
about 39° C., at about 40° C., at about 41° C., at about 42°
C., at about 43° C., at about 44° C., at about 45° C., at about
46° C., at about 47° C., at about 48° C., at about 49° C., at
about 50° C.).

The solubilizing agent used in the method of preparing a
formulation of monovalent pazopanib is PVP. The buffering
agent used in the same method is Histidine HCl. The
complexing agent used in the same method is a cyclodextrin
is: 2-hydroxypropyl-f-cyclodextrin, methyl-f-cyclodextrin,
randomly methylated-f-cyclodextrin, ethylated-f3-cyclodex-
trin, triacetyl-f-cyclodextrin, peracetylated-p-cyclodextrin,
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carboxymethyl-f-cyclodextrin, hydroxyethyl-p-cyclodex-
trin, 2-hydroxy-f-(trimethylammonio)propyl-p-cyclodex-
trin, glucosyl-p-cyclodextrin, maltosyl-B-cyclodextrin, sul-
fobutyl ether-f-cyclodextrin, branched-f-cyclodextrin,
hydroxypropyl-y-cyclodextrin, randomly methylated-y-cy-
clodextrin, trimethyl-y-cyclodextrin, or any combination(s)
thereof.

The method of preparing a stable and in solution phar-
maceutical formulation of a pharmaceutically acceptable
monovalent salt of pazopanib provides a stable formulation
of'a monovalent halide salt of pazopanib, e.g., a monovalent
chloride salt of pazopanib, a monovalent bromide salt of
pazopanib, a monovalent iodide salt of pazopanib, or a
monovalent fluoride salt of pazopanib. The method of pre-
paring a stable pharmaceutical formulation of a pharmaceu-
tically acceptable monovalent salt of pazopanib provides a
stable formulation of a monovalent chloride salt of
pazopanib.

The present disclosure provides a method in which native
pH of the formulation is used, i.e. no pH adjustment of
viscous solution is necessary. In this method, solubilization
of the pharmaceutical ingredient is performed in one step.
PVP-10 k (polyvinyl pyrrolidone, MW=10 kDa) and Histi-
dine HCI are weighed and dissolved in the appropriate
amount of water by mixing the solution (vortex, shaking).
CAPTISOL® is weighed, added and dissolved in the solu-
tion with shaking, vortexing the solution. Lyophilized
pazopanib is weighed and then added to the viscous CAP-
TISOL® solution and dissolved completely by vortex, soni-
cation, shaking at ambient or at elevated (about 37° C.-about
50° C.) temperatures. The formulation is filtered using a 0.2
um filter and stored at room temperature and protected from
light.

The present disclosure provides a method of preparing a
stable, solution pharmaceutical formulation of a pharmaceu-
tically acceptable salt of a therapeutic agent having low
aqueous solubility, in which the salt is a monovalent salt,
e.g., pazopanib 1 HCI; the method includes (a) preparing a
solution of the salt in an organic solvent (e.g., trifluoro
ethanol, trifluoro ethanol-water mixture, or dimethyl sulfox-
ide); (b) lyophilizing the solution, thereby preparing a
lyophilized salt of the therapeutic agent; (c) dissolving a
solubilizing agent and a buffering agent in water, thereby
preparing a solution; dissolving an amount of a complexing
agent in the solution, thereby preparing a low viscosity
solution; adding a lyophilized salt to the low viscosity
solution, mixing, dissolving in the solution at equal to or
higher (about 37° C.-about 50° C.) than about ambient
temperature; wherein pH of the low viscosity solution is
adjusted; and adding and dissolving about 2x more the
amount of the complexing agent to the low viscosity solu-
tion. The lyophilized salt is dissolved in the solution at a
temperature between about 37° C. to about 50° C. (e.g., at
about 37° C., at about 38° C., at about 39° C., at about 40°
C., at about 41° C., at about 42° C., at about 43° C., at about
44° C., at about 45° C., at about 46° C., at about 47° C., at
about 48° C., at about 49° C., at about 50° C.).

The present disclosure provides methods of preparing
formulations of a therapeutic agent in which CAPTISOL®
is added in two steps in order to reduce the viscosity of the
solution during the formulation preparation process. The
method comprises, e.g., preparing an aqueous solution of
CAPTISOL®, using half of the total CAPTISOL® amount;
dissolving the therapeutic agent and additives (e.g., PVP,
Histidine), adjust the pH of the formulation, and then adding
the remaining amount of CAPTISOL®. The two step pro-
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cess produces a lower viscosity solution which affords a
faster dissolution and ease in pH measurement than with a
high viscosity solution.

The formulation further comprises a buffering agent (e.g.,
an organic buffer, e.g., Histidine or Histidine HCI) and a pH
adjusting agent (e.g., an inorganic base, e.g., NaOH; an
organic base, e.g., megalumine; or an organic buffer, e.g.,
Histidine or Histidine HCI). In some embodiment, the pH of
the formulation of a therapeutic agent, e.g., Pazopanib, is
adjusted with an inorganic base, e.g., NaOH. In other
embodiments, the pH of the formulation of a therapeutic
agent, e.g., pazopanib, is adjusted with an organic base, e.g.,
meglumine. In some embodiments, the present disclosure
provides a non-precipitating formulation of a therapeutic
agent, e.g., pazopanib, in which an organic base, e.g.,
Meglumine is used. In some embodiments, additional addi-
tives (e.g., triacetin, glycerol) are added for increasing the
stability (against precipitation) of the formulations.

The present disclosure provides a method of preparing
stable and in solution formulation of a monovalent salt, e.g.,
monovalent hydrochloride salt, of a therapeutic agent, e.g.,
pazopanib, by first weighing and dissolving approximately
half of required CAPTISOL® in a vial containing an appro-
priate amount of water. PVP-10 k (polyvinyl pyrrolidone,
MW=10 kDa) and Histidine HCl are added and dissolved in
the solution by mixing the solution (vortex, sonication,
shaking). Lyophilized pazopanib is weighed and then added
to the CAPTISOL® solution. If needed, small amount of
hydrochloric acid (HCI) is added to adjust and maintain the
pH of the solution at equal to or lower than about pH=2.
Additives such as ftriacetin or glycerol are added. The
formulation is stirred and shaken at 37° C. or at room
temperature until pazopanib is completely dissolved. The
dissolution of pazopanib can take several hours. Next, the
pH of the pazopanib-CAPTISOL® solution is adjusted to
about pH 6-7 by adding NaOH or Meglumine Remaining
CAPTISOL® is then added and dissolved completely by
shaking/vortex the formulation at 37° C. or at room tem-
perature. The pH is checked and, if needed, adjusted, before
filtering the formulation using a 0.2 pum filter. The formula-
tion is stored at room temperature and protected from light.
Content and purity of the formulation is tested by HPL.C and
Uv.

The present disclosure provides a formulation method in
which all solid excipients (CAPTISOL®, PVP and Histi-
dine-HCl) and the therapeutic agent (e.g., lyophilized
pazopanib 1 HCI) are measured and mixed together first in
a vial. Using continuous mixing, gradual addition of the
required water is performed. The solubilization of the
formed dispersion can be done at ambient or elevated
temperatures (e.g., about 37° C. or about 50° C.); using
elevated temperatures reduces the time needed to achieve
homogeneous solutions (e.g., about 24 hours to about 4
hours). The formulation is then used under native pH about
3-about 4, or is used after pH adjustment with NaOH
solution (pH about 6-about 7).

The present disclosure provides a method in which at least
a solubilizing agent, a buffering agent, a complexing agent,
and the lyophilized salt are continuously mixed, while
adding water, at equal to or higher than about ambient
temperature. The pH of the formulation is adjusted to about
6-7 with a base.

The present disclosure provides a method in which at least
a solubilizing agent, a buffering agent, a complexing agent,
and the lyophilized monohydrochloride salt of pazopanib are
continuously mixed, while adding water, at equal to or
higher than about ambient temperature. The pH of the
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formulation is adjusted to about 6-7 with a base. The
complexing agent in the method is a cyclodextrin is: 2-hy-
droxypropyl-p-cyclodextrin, methyl-g-cyclodextrin, ran-
domly methylated-p-cyclodextrin, ethylated-f3-cyclodextrin,
triacetyl-f-cyclodextrin, peracetylated-p-cyclodextrin, car-
boxymethyl-f-cyclodextrin, hydroxyethyl-p-cyclodextrin,
2-hydroxy-3-(trimethylammonio)propyl-f-cyclodextrin,
glucosyl-f-cyclodextrin, maltosyl-p-cyclodextrin, sulfobu-
tyl ether-f-cyclodextrin, branched--cyclodextrin, hydroxy-
propyl-y-cyclodextrin, randomly methylated-y-cyclodextrin,
trimethyl-y-cyclodextrin, or any combination(s) thereof; the
solubilizing agent is poly(vinyl pyrrolidone) (PVP); and the
buffering agent is Histidine HCI.

The present disclosure provides a method in which at least
a solubilizing agent, a buffering agent, a complexing agent,
and the lyophilized monohydrochloride salt of pazopanib are
continuously mixed, while adding water, at equal to or
higher than about ambient temperature. In this method, the
pH of the formulation is not adjusted. The complexing agent
in the method is a cyclodextrin is: 2-hydroxypropyl-p-
cyclodextrin, methyl-p-cyclodextrin, randomly methylated-
p-cyclodextrin, ethylated-f-cyclodextrin, triacetyl-p-cyclo-
dextrin, peracetylated-f-cyclodextrin, carboxymethyl-f3-
cyclodextrin, hydroxyethyl-p-cyclodextrin, 2-hydroxy-3-
(trimethylammonio)propyl-f-cyclodextrin, glucosyl-f-
cyclodextrin, maltosyl-p-cyclodextrin, sulfobutyl ether-f3-
cyclodextrin, branched-p-cyclodextrin, hydroxypropyl-y-
cyclodextrin, randomly methylated-y-cyclodextrin,
trimethyl-y-cyclodextrin, or any combination(s) thereof; the
solubilizing agent is poly(vinyl pyrrolidone) (PVP); and the
buffering agent is Histidine HCI.

Release Rate of Therapeutic Agents

The present disclosure provides therapeutic agent release
rate measured by the amount of therapeutic agent released
by a PDS into receiver fluid (PBS buffer) at 37° C. Thera-
peutic agent release testing is performed by measuring the
amount of therapeutic agent released by the PDS into a fluid
representative of vitreous, maintained at 37° C. in an incu-
bator. The PDS is suspended in a container containing
phosphate buffered saline. Periodically, the PDS is trans-
ferred into a new container and the concentration of thera-
peutic agent is measured in the fluid of the previous con-
tainer. Rates are calculated from the amount of therapeutic
agent released divided by the sample collection duration.
The percent cumulative release is calculated from the cumu-
lative amount of therapeutic agent divided by the amount of
therapeutic agent initially filled into the therapeutic device
(PDS). The half-life is calculated from the percent cumula-
tive release at 4 weeks. The present disclosure provides
conditions upon release of a small amount of formulation
into a large amount of buffer solution. If the drug precipitates
out upon dilution (release) that can cause clogging of the
delivery device and/or loss of drug because the solid drug
will not be measurable in the receiver fluid. Moreover, the
precipitation prevents the efficacious treatment with the
active because the drug is inaccessible in vivo.

The present disclosure provides conditions for testing
drug precipitation in which the formulation, e.g., is diluted
330 fold with phosphate buffered saline solution (with, e.g.,
0.1% sodium azide), e.g., about 3 pulL of formulation is added
to 1 mL PBS buffer. The solution is kept in a thermostat
(temperature, e.g., 37° C.) and periodically checked for
appearance of crystal growth/precipitation. The present dis-
closure provides that the formulations prepared with differ-
ent drug samples (sample-1 or 2 of pazopanib HCI) exhibits
different stability against precipitation upon dilution.
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TABLE 5

Time (approximate

in days) till precip-

itation was observed
Formulation* Drug/treatment (in 330x dilution)
60 mg/mL, 660 mg/mL Pazopanib-2HCI Not tested; no
CAPTISOL ®, 1% PVP- precipitation
10 kD, 6 mg/mL Histidine during drug release
HCI, pH 6 (‘PA96”)
62 mg/mL, 660 mg/mL Pazopanib-1HCI Less than 5 days
CAPTISOL ®, 1% PVP-
10 kD, 6 mg/mL Histidine
HCI, pH 6 (‘PA110")
60 mg/mL, 660 mg/mL Pazopanib-1HCI- 14 days
CAPTISOL ®, 1% PVP- lyophilized-DMSO
10 kD, 6 mg/mL Histidine
HCI, pH 6 (‘PA96”)
40 mg/mL, 660 mg/mL Pazopanib-1HCI 13 days
CAPTISOL ®, 1% PVP-
10 kD, 6 mg/mL Histidine
HCI, pH 6 (‘PA139")
41 mg/mL, 660 mg/mL Pazopanib-1HCI- 41 days

CAPTISOL ®, 1% PVP-
10 kD, 6 mg/mL Histidine
HCI, pH 7 (‘PAL11")

45 mg/mL, 660 mg/mL
CAPTISOL ®, 1% PVP-
10 kD, 6 mg/mL Histidine
HCI, pH 3.5 (‘PAD7")

lyophilized-TFE

Pazopanib-1HCI-
lyophilized-DMSO

1 year (approximately)

*Drug concentration is for pazopanib salt, mg/mL

The release rate of the therapeutic agent of the current
disclosure in a formulation of about 1 mg/ml. to about 100
mg/ml under various fill concentrations varies between
about 100 pg/ml. on day 1, to about 0.01 ng/ml. on day 140.
The present disclosure provides that the release rate is a
function of HCI content and/or crystalline form of a phar-
maceutically acceptable salt of pazopanib. Compared to the
release rate of pazopanib 1HCI, the release rate of pazopanib
2HCI is higher and sustainable for more than 100 days.

Lyophilization is believed to transfer the highly crystal-
line drug to mostly amorphous solid, which has more
favorable solubility properties. As shown in FIG. 1, formu-
lations prepared from lyophilized 1HCI salt pazopanib
active agent have significantly improved stability (against
precipitation/crystallization) compared to the highly crys-
talline 1HCI form, and also resulted in comparable drug
release characteristics to the 2HCI form.

The present disclosure provides that the release rate
between about 12 pg/day on day 1 to about 1-about 3 pg/day,
on around or more than about 20 days, of un-lyophilized
pazopanib 1HCI (sample-2) from a formulation of CAPTI-
SOL®, a solubilizing agent, e.g., PVP, and a buffering agent,
e.g., Histidine HCI, and pH of the formulation adjusted to
about 6.5. The half-life of the drug release is about 99 days.
Moreover, un-lyophilized pazopanib 1HCI precipitates off
the solution during drug release. The un-lyophilized
pazopanib 1HCI (sample-2) in the formulation is about 40
mg/ml, about 41 mg/ml, about mg/ml, about
mg/ml, about 44 mg/ml, about mg/ml, about
mg/ml, about 47 mg/ml, about mg/ml, about
mg/ml, about 50 mg/ml, about mg/ml, about
mg/ml, about 53 mg/ml, about mg/ml, about
mg/ml, about 55 mg/ml, about 56 mg/ml., about 57
mg/ml, about 58 mg/ml., about 59 mg/ml., about 60.0
mg/ml, about 61 mg/ml, about 62 mg/ml., about 63
mg/mL, about 64 mg/ml., about 64 mg/ml, or about 65
mg/mL. The ratio of CAPTISOL®:pazopanib 1HCI in the
formulation is about 9:1, about 8:1, about 7:1, about 6:1,
about 5:1, about 4:1, about 3:1, or about 2:1. For example,
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the CD:pazopanib 1HCI ratio is about 2.2:1; about 2.5:1;
about 3.7:1; about 5:1; about 8:1; or about 9:1. For example,
the ratio of CD:pazopanib 1HCI is about 2.5:1 or 2.2:1.

The present disclosure provides a stable formulation with
about 60 mg/mlL. pazopanib 2HCI, about 660 mg/ml. CAP-
TISOL®, about 1% PVP-10 kD, about 6 mg/ml. Histidine
HCl, about pH 6, such that the pazopanib 2HCI does not
precipitate during ambient storage for up to a year and does
not or only minimally precipitate upon dilution within at
least 40-120 days. Pazopanib 1HCI in the present formula-
tion does not or minimally precipitate upon dilution up to
about 350-folds (e.g., about 50-100-folds, about 100-150-
folds, about 150-200-folds, about 200-250-folds, about 250-
300-folds, about 300-310-folds, about 310-320-folds, about
320-330-folds, about 330-340-folds, or about 340-350-
folds) at between about 30° C.-about 50° C. (e.g., about 37°
C.) at least 40-120 days. Pazopanib 1HCI in the present
formulation does not or minimally precipitate during and/or
after release from a drug delivery device of the present
disclosure into a body part, e.g., vitreous of the eye, within
at least 40-120 days.

The present disclosure provides that the release rate
between about 20 pg/day on day 1 to about 2-about 4 pug/day,
on around or more than about 140 days, of pazopanib 2HCI
(sample-1) from a formulation of CAPTISOL®, a solubi-
lizing agent, e.g., PVP, and a buffering agent, e.g., Histidine
HCl, and pH of the formulation adjusted to about 6.5. The
half-life of the drug release is about 53 days. Pazopanib
2HCI (sample-1) in the formulation is about 40 mg/ml,
about 41 mg/ml, about 42 mg/ml,, about 43 mg/ml., about
44 mg/ml., about 45 mg/ml., about 46 mg/ml., about 47
mg/ml, about 48 mg/ml, about 49 mg/ml., about 50
mg/ml, about 51 mg/ml, about 52 mg/ml, about 53
mg/ml, about 53 mg/ml, about 54 mg/ml, about 55
mg/ml, about 56 mg/ml, about 57 mg/ml., about 58
mg/mL, about 59 mg/ml, about 60.0 mg/mL, about 61
mg/ml, about 62 mg/ml, about 63 mg/ml., about 64
mg/mL, about 64 mg/mL, or about 65 mg/mL. The ratio of
CAPTISOL®:pazopanib 2HCI in the formulation is about
9:1, about 8:1, about 7:1, about 6:1, about 5:1, about 4:1,
about 3:1, or about 2:1. For example, the CD:pazopanib
2HCI ratio is about 2.2:1; about 2.5:1; about 3.7:1; about
5:1; about 8:1; or about 9:1. For example, the ratio of
CD:pazopanib 2HCI is about 2.5:1 or 2.2:1.

The present disclosure provides a stable formulation with
about 62 mg/mL pazopanib 1HCI, about 660 mg/ml. CAP-
TISOL®, about 1% PVP-10 kD, about 6 mg/ml. Histidine
HCl, about pH 6, such that the pazopanib 1HCI does not
precipitate during ambient storage for up to 9 months and
does not or minimally precipitate when diluted within 5-10
days. Pazopanib 1HCl in the present formulation does not or
minimally precipitate upon dilution up to about 350-folds
(e.g., about 50-100-folds, about 100-150-folds, about 150-
200-folds, about 200-250-folds, about 250-300-folds, about
300-310-folds, about 310-320-folds, about 320-330-folds,
about 330-340-folds, or about 340-350-folds) at between
about 30° C.-about 50° C. (e.g., about 37° C.) within 5-10
days. Pazopanib 1HCl in the present formulation does not or
minimally precipitate during and/or after release from a drug
delivery device of the present disclosure into a body part,
e.g., vitreous of the eye, within 5-10 days.

The present disclosure provides a stable formulation with
about 40 mg/mL pazopanib 1HCI, about 660 mg/ml. CAP-
TISOL®, about 1% PVP-10 kD, about 6 mg/ml. Histidine
HCl, about pH 6, such that the pazopanib 1HCI does not
precipitate during ambient storage for up to at least 9 months
and does not or minimally precipitate when diluted within at
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least 13-20 days. Pazopanib 1HCI in the present formulation
does not or minimally precipitate upon dilution up to about
350-folds (e.g., about 50-100-folds, about 100-150-folds,
about 150-200-folds, about 200-250-folds, about 250-300-
folds, about 300-310-folds, about 310-320-folds, about 320-
330-folds, about 330-340-folds, or about 340-350-folds) at
between about 30° C.-about 50° C. (e.g., about 37° C.)
within at least 13-20 days. Pazopanib 1HCI in the present
formulation does not or minimally precipitate during and/or
after release from a drug delivery device of the present
disclosure into a body part, e.g., vitreous of the eye, within
at least 13-20 days.

The present disclosure provides that the release rate
between about 12 pg/day on day 1 to about 1-about 2 pg/day,
on around or more than about 140 days, of TPE lyophilized
pazopanib 1HCI (sample-2) from a formulation of CAPTI-
SOL®, a solubilizing agent, e.g., PVP, and a buffering agent,
e.g., Histidine HCI, and pH of the formulation adjusted to
about 6.5. The half-life of the drug release is about 45 days.
Pazopanib 2HCI (sample-1) in the formulation is about 30
mg/ml, about 31 mg/ml, about 32 mg/ml., about 33
mg/ml, about 34 mg/ml, about 35 mg/ml., about 36
mg/ml, about 37 mg/ml, about 38 mg/ml., about 39
mg/ml, 40 mg/ml, about 41 mg/ml., about 42 mg/mlL,,
about 43 mg/ml., about 44 mg/ml, about 45 mg/ml., about
46 mg/ml., about 47 mg/mL., about 48 mg/ml., about 49
mg/ml, about 50 mg/ml, about 51 mg/ml.,, about 52
mg/ml, about 53 mg/ml, about 53 mg/ml., about 54
mg/ml, about 55 mg/ml, about 56 mg/ml., about 57
mg/ml, about 58 mg/ml., about 59 mg/ml., about 60.0
mg/ml, about 61 mg/ml, about 62 mg/ml., about 63
mg/mL, about 64 mg/ml., about 64 mg/ml, or about 65
mg/mL. The ratio of CAPTISOL®:pazopanib 2HCI in the
formulation is about 9:1, about 8:1, about 7:1, about 6:1,
about 5:1, about 4:1, about 3:1, or about 2:1. For example,
the CD:pazopanib 2HCI ratio is about 2.2:1; about 2.5:1;
about 3.7:1; about 5:1; about 8:1; or about 9:1. For example,
the ratio of CD:pazopanib 2HCl is about 4:1. The PVP in the
formulation is about 1%, and Histidine HCI in the formu-
lation is about 25 mg/mL.

The present disclosure provides that the release rate of
between about 12 pg/day on day 1 to about 1-about 2 pg/day,
on around or more than about 140 days from a formulation
of about 36.0 mg/ml. TFE lyophilized pazopanib 1HCI
(sample-2) from a formulation in which CAPTISOL® is
present in a ratio of CAPTISOL®:pazopanib of about 4:1,
and in the presence of a solubilizing agent, e.g., about 1%
PVP, and a buffering agent, e.g., about 25 mg/ml Histidine
HCl, and pH of the formulation adjusted to about 6.5. The
half-life of the drug release is about 45 days.

The present disclosure provides a stable formulation with
about 41 mg/ml pazopanib 1HCI lyophilized from TFE,
about 660 mg/ml, CAPTISOL®, about 1% PVP-10 kD,
about 6 mg/ml. Histidine HCI, about pH 7, such that the
pazopanib 1HCI does not precipitate during ambient storage
within up to 6 months and does not or minimally precipitate
when diluted within at least 41-120 days. Pazopanib 1HCl in
the present formulation does not or minimally precipitate
upon dilution up to about 350-folds (e.g., about 50-100-
folds, about 100-150-folds, about 150-200-folds, about 200-
250-folds, about 250-300-folds, about 300-310-folds, about
310-320-folds, about 320-330-folds, about 330-340-folds,
or about 340-350-folds) at between about 30° C.-about 50°
C. (e.g., about 37° C.) within at least 41-120 days. Pazopanib
1HCI in the present formulation does not or minimally
precipitate during and/or after release from a drug delivery
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device of the present disclosure into a body part, e.g.,
vitreous of the eye, within at least 41-120 days.

The present disclosure provides that the release rate
between about 16 pg/day on day 1 to about 1-about 3 pg/day,
on around or more than about 140 days, of DMSO
lyophilized pazopanib 1HCI (sample-2) from a formulation
of CAPTISOL®, a solubilizing agent, e.g., PVP, and a
buffering agent, e.g., Histidine HCI, and pH of the formu-
lation adjusted to about 3.4. The half-life of the drug release
is about 45 days. Pazopanib 2HCI (sample-1) in the formu-
lation is about 30 mg/ml, about 31 mg/ml, about 32
mg/ml, about 33 mg/ml, about 34 mg/ml, about 35
mg/ml, about 36 mg/ml, about 37 mg/ml., about 38
mg/ml, about 39 mg/ml, 40 mg/ml., about 41 mg/ml,
about 42 mg/ml., about 43 mg/ml,, about 44 mg/ml., about
45 mg/ml., about 46 mg/ml., about 47 mg/ml., about 48
mg/ml, about 49 mg/ml, about 50 mg/ml, about 51
mg/ml, about 52 mg/ml, about 53 mg/ml, about 53
mg/ml, about 54 mg/ml, about 55 mg/ml., about 56
mg/ml, about 57 mg/ml, about 58 mg/ml.,, about 59
mg/ml, about 60.0 mg/ml., about 61 mg/ml.,, about 62
mg/ml, about 63 mg/ml, about 64 mg/ml., about 64
mg/mL, or about 65 mg/ml.. The ratio of CAPTISOL®:
pazopanib 2HCI in the formulation is about 9:1, about 8:1,
about 7:1, about 6:1, about 5:1, about 4:1, about 3:1, or about
2:1. For example, the CD:pazopanib 2HCI ratio is about
2.2:1; about 2.5:1; about 3.7:1; about 5:1; about 8:1; or about
9:1. For example, the ratio of CD:pazopanib 2HCI is about
3:1. The PVP in the formulation is about 1%, and Histidine
HCl in the formulation is about 6 mg/mlL..

The present disclosure provides a stable formulation with
about 60 mg/ml. pazopanib 1HCI lyophilized from DMSO,
about 660 mg/ml, CAPTISOL®, about 1% PVP-10 kD,
optionally about 6 mg/ml Histidine HCI, about pH 6, such
that the pazopanib 1HCI does not precipitate during ambient
storage within up to 40 days and does not or minimally
precipitate when diluted within at least 10-14 days.
Pazopanib 1HCI in the present formulation does not or
minimally precipitate upon dilution up to about 350-folds
(e.g., about 50-100-folds, about 100-150-folds, about 150-
200-folds, about 200-250-folds, about 250-300-folds, about
300-310-folds, about 310-320-folds, about 320-330-folds,
about 330-340-folds, or about 340-350-folds) at between
about 30° C.-about 50° C. (e.g., about 37° C.) within at least
10-14 days. Pazopanib 1HCI in the present formulation does
not or minimally precipitate during and/or after release from
a drug delivery device of the present disclosure into a body
part, e.g., vitreous of the eye, within at least 10-14 days.

The present disclosure provides a stable formulation with
about 45 mg/ml. pazopanib 1HCI lyophilized from DMSO,
about 660 mg/ml, CAPTISOL®, about 1% PVP-10 kD,
about 6 mg/mL Histidine HCI, about pH 3.5, such that the
pazopanib 1HCI does not precipitate during storage at
ambient temperature and does not or minimally precipitate
when diluted within at least 50 days. Pazopanib 1HCI in the
present formulation does not or minimally precipitate upon
dilution up to about 350-folds (e.g., about 50-100-folds,
about 100-150-folds, about 150-200-folds, about 200-250-
folds, about 250-300-folds, about 300-310-folds, about 310-
320-folds, about 320-330-folds, about 330-340-folds, or
about 340-350-folds) at between about 30° C.-about 50° C.
(e.g., about 37° C.) within at least 50 days. Pazopanib 1HC1
in the present formulation does not or minimally precipitate
during and/or after release from a drug delivery device of the
present disclosure into a body part, e.g., vitreous of the eye,
within at least 50 days.
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The present disclosure provides that the release rate of
about 50.0 mg/ml. DMSO lyophilized pazopanib 1HCI
(sample-2) from a formulation in which CAPTISOL® is
present in a ratio of CAPTISOL®:pazopanib of about 3:1,
and in the presence of a solubilizing agent, e.g., about 1%
PVP, and a buffering agent, e.g., about 6 mg/ml Histidine
HCl, and pH of the formulation adjusted to about 3.4, is
between about 16 pg/day on day 1 to about 1-about 3 pg/day,
on around or more than about 140 days. The half-life of the
drug release is about 45 days.

The present disclosure provides release rate of pazopanib
formulations from a delivery device wherein the formulation
is prepared without a buffering agent, and includes
pazopanib 1HCI1 (between about 30 mg/ml. to about 40
mg/mL), about 660-about 700 mg/ml. (e.g., about 660
mg/mL) CAPTISOL®, polymer (e.g., PVP), and with native
pH. The fill concentration is about 30 mg/ml.-about 35
mg/ml (large scale lyophilized formulation) or about 35
mg/mlL-about 45 mg/ml (small scale lyophilized formula-
tion). Table 6 provides non-limiting examples of the release
rate of the formulations of the present disclosure.

TABLE 6
Time-point for RRI (days) 3
Fill
Conc.
(about D RRI

Formulation mg/mL) (cm 2/s) (mm)
PAD- Pazopanib HCI, about 33 mg/mL, 37.00 4.90E-06 0.0056
20 FBE-Lyo; about 660 mg/mL
2.5  CAPTISOL ® (4x); about 1%
semm PVP; No Histidine HCI; about 50°

C., for 6 hours -pH native
PAD- Pazopanib HCI, about 33 mg/mL, 37.00 4.90E-06 0.0069
20 FBE-Lyo; about 660 mg/mL
4.5  CAPTISOL ® (4x); 1% PVP; No
sccm  Histidine HCI; about 50° C., for 6

hours -pH native
PAD- Pazopanib HCI, about 33 mg/mL 40.08  4.90E-06 0.0050
21 FBE-Lyo; 660 mg/mL
2.5  CAPTISOL ® (4x); about 1%
semm PVP; No Histidine HCI; about 50°

C., for 6 hours -pH native
PAD- Pazopanib HCI, about 33 mg/mL 40.08  4.90E-06 0.0067
21 FBE-Lyo; about 660 mg/mL
4.5  CAPTISOL ® (4x); about 1%
semm PVP; No Histidine-HCI; about 50°

C., for 6 hours -pH native
Kit

The present disclosure provide a kit in which any one of
the stable formulations of the present disclosure is contained
in a reservoir chamber of a therapeutic device, wherein the
reservoir chamber is coupled to a porous structure for
controlled release of the therapeutic agent in the vitreous of
the eye.

Therapeutic Device

The therapeutic device includes many configurations and
physical attributes, for example the physical characteristics
of the therapeutic device comprise at least one of a thera-
peutic agent delivery device (Port Delivery System (PDS))
with a suture, positioning and sizing such that vision is not
impaired, and biocompatible material. For example, the
device comprises a reservoir capacity from about 0.005 cc to
about 0.2 cc, for example from about 0.01 cc to about 0.1 cc,
and a device volume of no more than about 2 cc. A
vitrectomy is performed for device volumes larger than 0.1
cc. The length of the therapeutic device does not interfere
with the patient’s vision and is dependent on the shape of the
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device, as well as the location of the implanted device with
respect to the eye. The length of the device also depends on
the angle in which the device is inserted. For example, a
length of the device comprises from about 4 to 6 mm Since
the diameter of the eye is about 24 mm, a device extending
no more than about 6 mm from the sclera into the vitreous
has a minimal effect on patient vision.

Variations comprise many combinations of implanted
therapeutic agent delivery devices (Port Delivery System
(PDS)). The therapeutic device comprises a therapeutic
agent and binding agent. The device also comprises at least
one of a membrane, an opening, a diffusion barrier, a
diffusion mechanism so as to release therapeutic amounts of
therapeutic agent for the extended time. Several variations of
the device have been disclosed in WO 2012/065006,
W02012/019047, W02013/003620, WO 2012/019136, WO
2012/019176, and U.S. Pat. No. 8,277,830, each of which is
incorporated by reference herein in its entirety.

FIG. 2A shows a therapeutic device 100 implanted under
the conjunctiva 16 and extending through the sclera 24 to
release a therapeutic agent into vitreous humor of the eye so
as to treat the retina of the eye. The therapeutic device 100
includes a retention structure 120 such as a smooth protru-
sion configured for placement along the sclera and under the
conjunctiva, such that the conjunctiva covers the therapeutic
device and protects the therapeutic device 100. When the
therapeutic agent 110 is inserted into the device 100, the
conjunctiva is lifted away, incised, or punctured with a
needle to access the therapeutic device. The eye includes an
insertion of the tendon 27 of the superior rectus muscle to
couple the sclera of the eye to the superior rectus muscle. In
embodiments, the device 100 is positioned in many loca-
tions of the pars plana region, for example away from tendon
and one or more of posterior to the tendon, under the tendon,
or with nasal or temporal placement of the therapeutic
device.

While the implant can be positioned in the eye in many
ways, work in relation to variations suggests that placement
in the pars plana region releases therapeutic agent into the
vitreous to treat the retina, for example therapeutic agent
comprising an active ingredient composed of large mol-
ecules.

Therapeutic agents 110 suitable for use with device 100
include many therapeutic agents, for example as listed in
Table 1. The therapeutic agent 110 of device 100 includes
one or more of an active ingredient of the therapeutic agent,
a formulation of the therapeutic agent, components of a
formulation of the therapeutic agent, a physician prepared
formulation of therapeutic agent, or a pharmacist prepared
formulation of the therapeutic agent.

The therapeutic device 100 can be implanted in the eye to
treat the eye for as long as is helpful and beneficial to the
patient. For example, the device is implanted for at least
about 5 years, such as permanently for the life of the patient.
Alternatively or in combination, the device is removed when
no longer helpful or beneficial for treatment of the patient.

FIG. 2B shows structures of therapeutic device 100 con-
figured for placement in an eye as in FIG. 2A. The device
comprises retention structure 120 to couple the device 100
to the sclera, for example a protrusion disposed on a
proximal end of the device. The device 100 comprises a
container 130 affixed to the retention structure 120. An
active ingredient, for example therapeutic agent 110, is
contained within a reservoir 140, for example a chamber 132
defined by a container 130 of the device. The container 130
includes a porous structure 150 comprising a porous mate-
rial 152, for example a porous glass frit 154, and a barrier
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160 to inhibit release of the therapeutic agent, for example
non-permeable membrane 162. The non-permeable mem-
brane 162 comprises a substantially non-permeable material
164. The non-permeable membrane 162 includes an opening
166 sized to release therapeutic amounts of the therapeutic
agent 110 for the extended time. The porous structure 150
includes a thickness 150T and pore sizes configured in
conjunction with the opening 166 so as to release therapeutic
amounts of the therapeutic agent for the extended time. The
container 130 includes reservoir 140 having a chamber with
a volume 142 sized to contain a therapeutic quantity of the
therapeutic agent 110 for release over the extended time. The
device includes a needle stop 170. Proteins in the vitreous
humor enter the device and compete for adsorption sites on
the porous structure and thereby contribute to the release of
therapeutic agent. The therapeutic agent 110 contained in the
reservoir 140 equilibrate with proteins in the vitreous humor,
such that the system is driven towards equilibrium and the
therapeutic agent 110 is released in therapeutic amounts.

The non-permeable material such as the non-permeable
membrane 162, the porous material 152, the reservoir 140,
and the retention structure 120, comprise many configura-
tions to deliver the therapeutic agent 110. The non-perme-
able membrane 162 comprises an annular tube joined by a
disc having at least one opening formed thereon to release
the therapeutic agent. The porous material 152 comprises an
annular porous glass frit 154 and a circular end disposed
thereon. The reservoir 140 is shape-changing for ease of
insertion; i.e., it assumes a thin elongated shape during
insertion through the sclera and then assumes an extended,
ballooned shape, once it is filled with therapeutic agent.

The porous structure 150 can be configured in many ways
to release the therapeutic agent in accordance with an
intended release profile. The porous structure comprises a
single hole or a plurality of holes extending through a barrier
material such as a rigid plastic or a metal. Alternatively or
in combination, the porous structure comprises a porous
structure having a plurality of openings on a first side facing
the reservoir and a plurality of openings on a second side
facing the vitreous humor, with a plurality of interconnect-
ing channels disposed there between so as to couple the
openings of the first side with the openings of the second
side, for example a sintered rigid material. The porous
structure 150 comprises one or more of a permeable mem-
brane, a semi-permeable membrane, a material having at
least one hole disposed therein, nano-channels, nano-chan-
nels etched in a rigid material, laser etched nano-channels,
a capillary channel, a plurality of capillary channels, one or
more tortuous channels, tortuous microchannels, sintered
nano-particles, an open cell foam or a hydrogel such as an
open cell hydrogel.

FIG. 2C shows therapeutic device 100 loaded into an
insertion cannula 210 of an insertion apparatus 200, in which
the device 100 comprises an elongate narrow shape for
insertion into the sclera, and in which the device is config-
ured to expand to a second elongate wide shape for retention
at least partially in the sclera.

FIG. 2D shows a therapeutic device 100 comprising
reservoir 140 suitable for loading in a cannula, in which the
reservoir 140 comprises an expanded configuration when
placed in the eye.

FIG. 2E shows therapeutic device 100 placed in an eye as
in FIG. 2A. The device comprises retention structure 120 to
couple to the sclera, for example flush with the sclera, and
the barrier 160 comprises a tube 168. An active ingredient
112 comprising the therapeutic agent 110 is contained within
tube 168 comprising non-permeable material 164. A porous
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structure 150 comprising a porous material 152 is disposed
atthe distal end of the tube 168 to provide a sustained release
of the therapeutic agent at therapeutic concentrations for the
extended period. The non-permeable material 164 extends
distally around the porous material 152 so as to define an
opening to couple the porous material 152 to the vitreous
humor when the device is inserted into the eye.

FIG. 2F shows an access port 180 suitable for incorpo-
ration with the therapeutic device 100. The access port 180
is combined with the therapeutic devices described herein.
The access port is disposed on a proximal end of the device.
The access port 180 comprises an opening formed in the
retention structure 120 with a penetrable barrier 184 com-
prising a septum 186 disposed thereon. The penetrable
barrier receives the needle 189 sized to pass the formulation
190 as described herein. The access port 180 is configured
for placement under the conjunctiva 16 of the patient and
above the sclera 24.

Delivery of Therapeutic Agent from the Device

The drug delivery formulations of the present disclosure
is contained in a reservoir chamber coupled to a porous
structure in a therapeutic agent delivery system for con-
trolled release of the therapeutic agent in the vitreous of the
eye; and wherein the controlled release of the formulation
from the porous structure produces a concentration of the
therapeutic agent in the vitreous that is lower than the
concentration of the therapeutic agent in the reservoir cham-
ber by at least two orders of magnitude. The reservoir
chamber is re-fillable and is re-filled with the formulation
after the device is inserted into the eye.

The reservoir chamber is re-filled with the formulation
after the device has been in the eye for between 30-90 days,
or up to 6 months. The delivery device for use in delivering
any one of the formulations of the present disclosure is
disclosed in WO 2010/088548, and the disclosure in the
’548 publication relating only to the delivery device is
incorporated by reference herein.

Design of the therapeutic agent delivery formulations for
the sustained release from the PDS implant of the current
embodiments is based on several considerations. For
example, therapeutic agent elution from the PDS is based on
molecular diffusion through the Release Control Element
(RCE), which consists of irregular shaped channels. The
irregular shaped channels were described in WO 2012/
065006, contents of which relating to the RCE are incorpo-
rated herein in their entireties.

Moreover, diffusion takes place both ways, i.e., from the
therapeutic agent diffusing out from the filled PDS into the
vitreous and from the vitreous into the PDS. This reversible
diffusion allows formulation contents to equilibrate with the
vitreous over time. Due to diffusion to and from the PDS and
vitreous, the designed formulations have to be compatible
with the vitreous components and vitreous pH. The formu-
lations also have to be compatible with the high dilution into
the vitreous upon release from the PDS reservoir.

The formulations of the current disclosure are compatible
with the vitreous components and vitreous pH. The formu-
lations described in the current embodiments are compatible
with the high dilution into the vitreous upon release from the
PDS reservoir.

The current disclosure provides tuning of the rate of
therapeutic agent delivery from the PDS implant reservoir to
achieve the desired sustained release profile and desired
tissue levels. According to the current disclosure, the tuning
is achieved by the design of the PDS implant, which
includes a porous structure for controlling therapeutic agent
release. The porous structure has porosity and tortuosity,
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further having geometrical dimensions, and is of materials
such as titanium, polymeric, and/or coated and has func-
tionality of the surface. The tuning of the rate of delivery is
also achieved by varying the reservoir volume.

The tuning of the rate of therapeutic agent delivery
depends on the formulation composition, formulation
agents, pH, nature of the complexing agent, concentration of
the complexing agent, formulation viscosity, and/or thera-
peutic agent concentration in the reservoir.

Formulations of the current disclosure are designed to
produce robust and highly predictable therapeutic agent
delivery characteristics and profiles. In some embodiments,
the use of a selected complexing agent achieves very similar
therapeutic agent delivery characteristics (such as half-life
of therapeutic agent delivery from PDS reservoir) for a
variety of compounds formulated in that selected complex-
ing agent. The current disclosure provides that the half-lives
of different therapeutic agents are similar within a range of
the complexing agent concentrations in a formulation. The
therapeutic agent delivery performance and diffusion
through the PDS implant for such formulations are similar to
that of the non-complexed single molecular entities.

The device for delivery of the current disclosure com-
prises a reservoir and a porous structure. For example, the
device is the one described in WO 2012/019176, contents of
which relating to the reservoir are incorporated herein in
their entireties. A porous structure similar to that of the
current embodiment was described in WO 2012/065006,
contents of which relating to the porous structure are incor-
porated herein in their entireties.

In some embodiments, the porous structure comprises a
first side coupled to the reservoir and a second side to couple
to the vitreous. The first side comprises a first area and the
second side may comprise a second area.

The volume of the reservoir comprises from about 5 pL to
about 50 uLL of therapeutic agent, or for example from about
10 pL to about 25 pL, for example, 23 pl of therapeutic
agent.

The therapeutic agent stored in the reservoir of the
container comprises at least one of a solid comprising the
therapeutic agent, a solution comprising the therapeutic
agent, a suspension comprising the therapeutic agent, par-
ticles comprising the therapeutic agent adsorbed thereon, or
particles reversibly bound to the therapeutic agent. The
reservoir comprises a buffer and a suspension of a thera-
peutic agent comprising solubility within a range from about
1 mg/mlL. to about 100 mg/mlL., such as from about 1 mg/mL.
to about 40 mg/mlL..

In embodiments, the concentration of the therapeutic
agent in the formulation depends on increasing the solubility
of the agent in water or aqueous solutions by using any one
or more of: complexing agents, pH adjusting agents, solu-
bility/stabilizing agents, amphiphilic agents, buffering
agents, non-aqueous solvents, or any combinations thereof.
The therapeutic agents of these embodiments are inherently
sparingly soluble (parts of solvent required for 1 part of
solute=30 to 100), slightly soluble (parts of solvent required
for 1 part of solute=100 to 1000), very slightly soluble (parts
of solvent required for 1 part of solute=1000 to 10,000), or
practically insoluble or insoluble (parts of solvent required
for 1 part of solute=10,000) in water or an aqueous solution.

The release rate index comprises many values, and the
release rate index with the suspension is somewhat higher
than for a solution in many embodiments, for example.

The porous structure comprises a needle stop that limits
penetration of the needle. The porous structure comprises a
plurality of channels configured for the extended release of
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the therapeutic agent. The porous structure comprises a rigid
sintered material having characteristics suitable for the sus-
tained release of the material.

The reservoir and the porous structure are configured to
release therapeutic amounts of the therapeutic agent in many
ways. The reservoir and the porous structure is configured to
release therapeutic amounts of the therapeutic agent corre-
sponding to a concentration of at least about 0.1 ug per ml
of vitreous humor or 0.1-25 pg/day for an extended period
of at least about three months. The reservoir and the porous
structure is configured to release therapeutic amounts of the
therapeutic agent corresponding to a concentration of at least
about 0.1 pg per ml of vitreous humor and no more than
about 10 pg per ml of vitreous humor for an extended period
of at least about three months. In some embodiments, the
therapeutic agent is a small molecule therapeutic agent
suitable for sustained release.

The reservoir and the porous structure are configured to
release therapeutic amounts of the therapeutic agent corre-
sponding to a concentration of at least about 0.1 ug per ml
of vitreous humor and no more than about 10 pug per ml of
vitreous humor for an extended period of at least about 3
months or at least about 6 months. For example, the reser-
voir and the porous structure are configured to release
therapeutic amounts of the therapeutic agent corresponding
to a concentration of at least about 0.1 pg per ml of vitreous
humor and no more than about 10 pg per ml of vitreous
humor for an extended period of at least about twelve
months or at least about two years or at least about three
years. For example, the reservoir and the porous structure is
configured to release therapeutic amounts of the therapeutic
agent corresponding to a concentration of at least about 0.01
ng per ml of vitreous humor and no more than about 300 ng
per ml of vitreous humor for an extended period of at least
about 3 months or 6 months or 12 months or 24 months.

Formulation components added to increase the solubility
of the therapeutic agents bind the therapeutic agent so
strongly that efficacy at the target tissue is less than ideal in
at least some instances. For example, complexing agents,
such as cyclodextrin, enable formulations containing high
concentrations of low water solubility therapeutic agents.
However, high amounts of dilution are required in order to
release the therapeutic agent, as discussed, e.g., in Stella et
al., Advanced Drug Delivery Reviews, 36: 3-16 (1999); and
Brewster and Loftsson, Advanced Drug Delivery Reviews,
59: 645-666 (2007). Dilutions by a factor of at least 10, often
factors of at least 100 or 1000 or even 10,000 are commonly
needed to release large fractions of therapeutic agent from
complexes with cyclodextrin.

The therapeutic agent delivery device (PDS) combined
with a formulation containing a complexing agent such as
cyclodextrin offers a unique advantage over all previous
applications of cyclodextrin. The reservoir and porous struc-
ture of the PDS are configured to achieve the dilutions
required to release therapeutic agent from cyclodextrin
complexes for extended periods of time. For example, a PDS
with 23 ul. volume and RRI=0.007 mm implanted into a
human eye achieves dilution factors in excess of 10,000 for
prolonged periods of time, for example, several months. The
sustained high dilution is very different than the minimal
dilution that occurs when cyclodextrin formulations are
applied as topical drops to the eye. Furthermore, sustained
delivery with high dilution for periods of months from the
PDS is unique from the short durations (e.g., hours) corre-
sponding to intravenous injections of cyclodextrin formula-
tions.
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In embodiments, the porous structure comprises porosity,
a thickness, a channel parameter and a surface area config-
ured to release therapeutic amounts for the extended period.
For example, the porous material comprises a porosity
corresponding to the fraction of void space of the channels
extending within the material. For example, the porosity
comprises a value within a range from about 3% to about
70%. In other embodiments, the porosity comprises a value
with a range from about 5% to about 10% or from about 10%
to about 25%, or for example from about 15% to about 20%.
Porosity is determined from the weight and macroscopic
volume or is measured via nitrogen gas adsorption.

The porous structure comprises a plurality of porous
structures, and the area used in the equation for calculation
comprises the combined area of the plurality of porous
structures.

Indications and Methods of Treatment

Disclosed are methods for the treatment and/or amelio-
ration of diseases or conditions of the eye, especially retin-
opathies and ocular neovascularization. Non-limiting
examples of these diseases or conditions include diabetic
macular edema, AMD, CNV, NV, DR, ocular ischemia,
retinal vein occlusion (central or branch), ocular trauma,
surgery induced edema, surgery induced neovascularization,
cystoidmacular edema, uveitis, and the like. These diseases
or conditions are characterized by changes in the ocular
vasculature whether progressive or non-progressive,
whether a result of an acute disease or condition, or a chronic
disease or condition.

The current disclosure provides use of formulations
described herein in the treatment and/or amelioration of
atrophic AMD. The formulations are used in the treatment of
neovascular (exudative or wet) AMD. The formulation of
the current disclosure treats, prevents progression of, or
ameliorates a symptom of vascular leakage and/or neovas-
cularization in the retina.

The disclosed methods relate to preventing progression of
or controlling pathologic neovascularization (NV), or treat-
ing a disease or condition that is related to the onset of NV
by administering to a subject one or more of the disclosed
therapeutic agents, and formulations thereof. The disclosed
method relates to treating or preventing progression of NV
by administering to a subject an effective amount of phar-
maceutically acceptable salts of pazopanib in formulations
with one or more formulation agents including: complexing
agents, solubilizing/stabilizing agents, pH adjusting agents,
buffering agents, amphiphilic agents, non-aqueous solvents,
tonicity agents, or combinations thereof. The complexing
agent for use in the formulation for treating or preventing
NV is cyclodextrin, for example, CAPTISOL®.

The disclosed methods relate to preventing or controlling
ocular neovascularization or treating a disease or condition
that is related to the onset of ocular neovascularization by
intravitreal delivery of a formulation of the current disclo-
sure.

Another disclosed method relates to preventing or con-
trolling retinal edema or retinal neovascularization or treat-
ing a disease or condition that is related to the onset of retinal
edema or retinal neovascularization by intravitreal delivery
of a formulation comprising a tyrosine kinase inhibitor and
a complexing agent, for example, cyclodextrin.

The present disclosure relates to a method for delaying or
preventing progression of non-proliferative retinopathy to
proliferative retinopathy by intravitreal delivery of a formu-
lation comprising a tyrosine kinase inhibitor and a complex-
ing agent, for example, cyclodextrin.
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A further disclosed method relates to treating, preventing
progression of and/or controlling diabetic retinopathy, or
treating a disease or condition that is associated with or
caused by the onset of diabetic retinopathy, by intravitreal
delivery of a formulation comprising a tyrosine kinase
inhibitor, pazopanib 1HCI or pazopanib 2HCI, and a com-
plexing agent, for example, cyclodextrin.

Diabetic proliferative retinopathy is characterized by neo-
vascularization. The new blood vessels are fragile and are
susceptible to bleeding. The result is scaring of the retina, as
well as occlusion or total blockage of the light pathway
through the eye due to the over formation of new blood
vessels. Typically subjects having diabetic macular edema
are suffering from the non-proliferative stage of diabetic
retinopathy; however, it is not uncommon for subjects to
only begin manifesting macular edema at the onset of the
proliferative stage.

Yet a further disclosed method relates to preventing or
controlling diabetic macular edema or treating a disease or
condition that is related to the onset of diabetic macular
edema by intravitreal delivery of a formulation comprising
a tyrosine kinase inhibitor and a complexing agent, for
example, cyclodextrin.

GENERAL DEFINITIONS

In this specification and in the claims that follow, refer-
ence is made to a number of terms, which shall be defined
to have the following meanings: All percentages, ratios and
proportions herein are by weight, unless otherwise specified.
All temperatures are in degrees Celsius (° C.) unless other-
wise specified.

By “pharmaceutically acceptable” is meant a material that
is not biologically or otherwise undesirable, i.e., the material
can be administered to an individual along with the relevant
active compound without causing clinically unacceptable
biological effects or interacting in a deleterious manner with
any of the other components of the pharmaceutical compo-
sition in which it is contained.

A weight percent of a component, unless specifically
stated to the contrary, is based on the total weight of the
formulation or composition in which the component is
included.

By “effective amount” as used herein means “an amount
of one or more of the disclosed compounds, effective at
dosages and for periods of time necessary to achieve the
desired or therapeutic result.” An effective amount may vary
according to factors known in the art, such as the disease
state, age, sex, and weight of the human or animal being
treated. Although particular dosage regimes may be
described in examples herein, a person skilled in the art
would appreciate that the dosage regime may be altered to
provide optimum therapeutic response. For example, several
divided doses may be administered daily or the dose may be
proportionally reduced as indicated by the exigencies of the
therapeutic situation. In addition, the compositions of this
disclosure can be administered as frequently as necessary to
achieve a therapeutic amount.

“Agent” is used herein to include any other compound
that may be contained in or combined with one or more of
the disclosed inhibitors that is not a therapeutically or
biologically active compound. As such, an agent should be
pharmaceutically or biologically acceptable or relevant (for
example, an agent should generally be non-toxic to the
subject). “Agent” includes a single such compound and is
also intended to include a plurality of agents. For the
purposes of the present disclosure the term “agent” and
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“carrier” are used interchangeably throughout the descrip-
tion of the present disclosure and said terms are defined
herein as, “ingredients which are used in the practice of
formulating a safe and effective pharmaceutical composi-
tion.”

The phrase “pharmaceutically acceptable carrier” is art-
recognized, and refers to, for example, pharmaceutically
acceptable materials, compositions or vehicles, such as a
liquid or solid filler, diluent, excipient, solvent or encapsu-
lating material, involved in carrying or transporting any
supplement or composition, or component thereof, from one
organ, or portion of the body, to another organ, or portion of
the body, or to deliver an agent to the surface of the eye.
Each carrier must be “acceptable” in the sense of being
compatible with the other ingredients of the composition and
not injurious to the patient. In certain embodiments, a
pharmaceutically acceptable carrier is non-pyrogenic. Some
examples of materials which may serve as pharmaceutically
acceptable carriers include: (1) sugars, such as lactose,
glucose and sucrose; (2) starches, such as corn starch and
potato starch; (3) cellulose, and its derivatives, such as
sodium carboxymethyl cellulose, hydroxypropylmethyl cel-
Iulose, ethyl cellulose and cellulose acetate; (4) powdered
tragacanth; (5) malt; (6) gelatin; (7) talc; (8) excipients, such
as cocoa butter and suppository waxes; (9) oils, such as
peanut oil, cottonseed oil, sunflower oil, sesame oil, olive
oil, corn oil and soybean oil; (10) glycols, such as propylene
glycol; (11) polyols, such as glycerin, sorbitol, mannitol and
polyethylene glycol; (12) esters, such as ethyl oleate and
ethyl laurate; (13) agar; (14) buffering agents, such as
magnesium hydroxide and aluminum hydroxide; (15) alg-
inic acid; (16) pyrogen-free water; (17) isotonic saline; (18)
Ringer’s solution; (19) ethyl alcohol; (20) phosphate buffer
solutions; (21) gums such as HP-guar; (22) polymers; and
(23) other non-toxic compatible substances employed in
pharmaceutical formulations.

The term “pharmaceutically acceptable” refers to the fact
that the carrier, diluent or agent must be compatible with the
other ingredients of the formulation and not deleterious to
the recipient thereof.

As used herein, by a “subject” is meant an individual.
Thus, the “subject” can include domesticated animals (e.g.,
cats, dogs, etc.), livestock (e.g., cattle, horses, pigs, sheep,
goats, etc.), laboratory animals (e.g., mouse, rabbit, rat,
guinea pig, etc.), and birds. “Subject” can also include a
mammal, such as a primate or a human.

By “reduce” or other forms of the word, such as “reduc-
ing” or “reduction,” is meant lowering of an event or
characteristic (e.g., vascular leakage). It is understood that
this is typically in relation to some standard or expected
value, in other words it is relative, but that it is not always
necessary for the standard or relative value to be referred to.

The term “treat” or other forms of the word such as
“treated” or “treatment” is used herein to mean that admin-
istration of a therapeutic agent of the present invention
mitigates a disease or a disorder in a host and/or reduces,
inhibits, or eliminates a particular characteristic or event
associated with a disorder (e.g., vascular leakage).

Insofar as the methods of the present invention are
directed to preventing disorders, it is understood that the
term “prevent” does not require that the disease state be
completely thwarted. Rather, as used herein, the term pre-
venting refers to the ability of the skilled artisan to identify
a population that is susceptible to disorders, such that
administration of the compounds of the present invention
may occur prior to onset of a disease. The term does not
imply that the disease state be completely avoided.
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The term “ameliorating a symptom” or other forms of the
word such as “ameliorate a symptom™ is used herein to mean
that administration of a therapeutic agent of the present
invention mitigates one or more symptoms of a disease or a
disorder in a host and/or reduces, inhibits, or eliminates a
particular symptom associated with the disease or disorder
prior to and/or post administration of the therapeutic agent.

The disclosed compounds affect vascular leakage by
inhibiting a receptor tyrosine kinase.

Throughout the description and claims of this specifica-
tion the word “comprise” and other forms of the word, such
as “comprising” and “comprises,” means including but not
limited to, and is not intended to exclude, for example, other
additives, components, integers, or steps.

As used in the description and the appended claims, the
singular forms “a,” “an,” and “the” include plural referents
unless the context clearly dictates otherwise.

“Optional” or “optionally” means that the subsequently
described event or circumstance can or cannot occur, and
that the description includes instances where the event or
circumstance occurs and instances where it does not.

Ranges can be expressed herein as from “about” one
particular value, and/or to “about” another particular value.
When such a range is expressed, another aspect includes
from the one particular value and/or to the other particular
value. Similarly, when values are expressed as approxima-
tions, by use of the antecedent “about,” it is understood that
the particular value forms another aspect. It is further
understood that the endpoints of each of the ranges are
significant both in relation to the other endpoint, and inde-
pendently of the other endpoint. It is also understood that
there are a number of values disclosed herein, and that each
value is also herein disclosed as “about” that particular value
in addition to the value itself. For example, if the value “10”
is disclosed, then “about 10” is also disclosed. It is also
understood that when a value is disclosed, then “less than or
equal to” the value, “greater than or equal to the value,” and
possible ranges between values are also disclosed, as appro-
priately understood by the skilled artisan. For example, if the
value “10” is disclosed, then “less than or equal to 10” as
well as “greater than or equal to 10” is also disclosed. It is
also understood that throughout the application data are
provided in a number of different formats and that this data
represent endpoints and starting points and ranges for any
combination of the data points. For example, if a particular
data point “10” and a particular data point “15” are dis-
closed, it is understood that greater than, greater than or
equal to, less than, less than or equal to, and equal to 10 and
15 are considered disclosed as well as between 10 and 15.
It is also understood that each unit between two particular
units are also disclosed. For example, if a range of 10 and 15
is disclosed, then 11, 12, 13, and 14 are also disclosed.

The phrase “pharmaceutically acceptable salt(s),” as used
herein, unless otherwise indicated, includes salts of acidic or
basic groups.

The term “kinase” refers to any enzyme that catalyzes the
addition of phosphate groups to a protein residue; for
example, serine and threonine kinases catalyze the addition
of phosphate groups to serine and threonine residues.

The terms “VEGFR kinase,” “VEGFR,” refer to any of
the vascular endothelial growth factor receptors.

The terms “VEGF signaling,” and “VEGF cascade” refer
to both the upstream and downstream components of the
VEGF signaling cascade.
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The terms “administration of a compound” or “adminis-
tering a compound” refer to the act of providing a compound
of the invention or pharmaceutical composition to the sub-
ject in need of treatment.

In the current disclosure “composition” and “formula-
tion” are used interchangeably and refer to the conventional
understanding, as known in the art, of a composition or
formulation. “Formulation” as disclosed herein may com-
prise a solution, suspension, semi-solid, or semi-liquid mix-
tures of therapeutic agents and/or formulation excipients or
formulation agents.

“Solution” according to the current disclosure is a clear,
homogeneous liquid form that contains one or more chemi-
cal substances dissolved in a solvent or mixture of mutually
miscible solvents. A solution is a liquid preparation that
contains one or more dissolved chemical substances in a
suitable solvent or mixture of mutually miscible solvents.
Because molecules of a therapeutic agent substance in
solution are uniformly dispersed, the use of solutions as
dosage forms generally provides assurance of uniform dos-
age upon administration and good accuracy when the solu-
tion is diluted or otherwise mixed. “Solution” as disclosed
herein contemplates any variations based on the current state
of the art or variations achieved by one skilled in the art.

“Suspension” according to the current disclosure is a
liquid form that contains solid particles dispersed in a liquid
vehicle. “Suspension” as disclosed herein contemplates any
variations based on the current state of the art or variations
achieved by one skilled in the art.

“Therapeutic agent delivery device” and “Port Delivery
System” (“PDS”) are used interchangeably in this specifi-
cation. As disclosed herein, the “Therapeutic agent delivery
device” or “Port Delivery System” (“PDS”) contemplates
any variation of the disclosed device designed to achieve
similar objective of target specific delivering a therapeutic
agent into a subject. For example, “Therapeutic agent deliv-
ery device” or “Port Delivery System” (“PDS”) may have a
design to include a membrane, an opening, a diffusion
barrier, a diffusion mechanism so as to release therapeutic
amounts of therapeutic agent for extended periods of time,
e.g., 30 days, 60 days, 90 days, 120 days or more. Several
variations of the device have been disclosed in WO 2012/
065006, W02012/019047, W02013/003620, WO 2012/
019136, WO 2012/019176, and U.S. Pat. No. 8,277,830,
each of which is incorporated by reference herein in its
entirety.

The term “acute” as used herein denotes a condition
having a rapid onset, and symptoms that are severe but short
in duration.

The term “analgesic” as used herein denotes a compound/
formulation for the management of intermittent and/or
chronic physical discomfort, suitable for long term use.

The term “anesthetic” or “anesthesia” as used herein
denotes a compound/formulation for the management of
acute physical pain, suitable for short term, temporary use,
which has an effect that produces numbing or decreased
sensitivity in the body part/organ to which the compound/
formulation is administered (e.g., decreased corneal sensi-
tivity of the eye).

The term “aqueous” typically denotes an aqueous com-
position wherein the carrier is to an extent of >50%, more
preferably >75% and in particular 90% by weight water.

The term “chronic” as defined herein is meant a persistent,
lasting condition, or one marked by frequent recurrence,
preferably a condition that persists/recurs for greater than 3
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months, more preferably greater than 6 months, more pref-
erably greater than 12 months, and even more preferably
greater than 24 months.

The term “comfortable” as used herein refers to a sensa-
tion of physical well-being or relief, in contrast to the
physical sensation of pain, burning, stinging, itching, irrita-
tion, or other symptoms associated with physical discomfort.

As used herein the term “symptom” is defined as an
indication of disease, illness, injury, or that something is not
right in the body. Symptoms are felt or noticed by the
individual experiencing the symptom, but may not easily be
noticed by others. Others are defined as non-health-care
professionals.

As used herein the term “sign” is also defined as an
indication that something is not right in the body. But signs
are defined as things that can be seen by a doctor, nurse, or
other health care professional.

The term “more” as used in the present disclosure does
not include infinite number of possibilities. The term “more”
as used in the present disclosure is used as a skilled person
in the art would understand in the context in which it is used.

As used in the present disclosure, whether in a transitional
phrase or in the body of a claim, the terms “comprise(s)” and
“comprising” are to be interpreted as having an open-ended
meaning. That is, the terms are to be interpreted synony-
mously with the phrases “having at least” or “including at
least.” When used in the context of a process the term
“comprising” means that the process includes at least the
recited steps, but may include additional steps. When used
in the context of a molecule, compound, or composition, the
term “comprising” means that the compound or composition
includes at least the recited features or components, but may
also include additional features or components.

For the purposes of promoting an understanding of the
embodiments described herein, reference made to preferred
embodiments and specific language are used to describe the
same. The terminology used herein is for the purpose of
describing particular embodiments only, and is not intended
to limit the scope of the present invention. As used through-
out this disclosure, the singular forms “a,” “an,” and “the”
include plural reference unless the context clearly dictates
otherwise. Thus, for example, a reference to ““a composition”
includes a plurality of such compositions, as well as a single
composition, and a reference to “a therapeutic agent” is a
reference to one or more therapeutic and/or pharmaceutical
agents and equivalents thereof known to those skilled in the
art, and so forth. All percentages and ratios used herein,
unless otherwise indicated, are by weight.

The following examples are illustrative, but not limiting,
of the methods and compositions of the present invention.
Other suitable modifications and adaptations of the variety
of conditions and parameters normally encountered in syn-
thesis and use of the compounds of the present disclosure
and that are obvious to those skilled in the art are within the
spirit and scope of the present disclosure.

EXAMPLES
The following examples provide methods of preparing
formulations of the current disclosure and evaluating their
characteristics at the vitreous upon intravitreal delivery.

Example 1

Method of Preparation Pazopanib 2HCI
Formulation

The API (from Hwasun Biotechnology Corp.; Distributed
by Manus-Aktteva) that contained 2 HCI per each pazopanib
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molecule was formulated up to 60 mg/ml drug concentra-
tions. Pazopanib dissolved in CAPTISOL® solution and
after adding all required excipients the pH was adjusted to
the desired values.

Formulations were prepared by dissolving the required
amount of CAPTISOL®, acid, and agents in water.
Pazopanib 2HC] was added and mixed until dissolution.
Then sodium hydroxide was added to reach the final pH.
Formulation was filtered and then injected into PDS
implants to perform therapeutic agent release testing.

Example 2

Method of Preparation Pazopanib 1HCI
Formulation—No Lyophilization

Approximately half of the required CAPTISOL® in a vial
was weighed and dissolved in the appropriate amount of
water. PVP-10 k (polyvinyl pyrrolidone, MW=10 kDa) and
Histidine HC1 were added and dissolved by mixing the
solution (vortex, sonication, shaking). Pazopanib API (from
Hetero Labs Limited) was weighed and then added to the
CAPTISOL® solution. If needed, small amount of hydro-
chloric acid (HC1) was added to adjust and maintain the pH
of the solution at equal to or lower than pH=2. Additives
such as triacetin or glycerol were added. The formulation
was stirred and shaken at 37° C. or at room temperature until
pazopanib was completely dissolved. The dissolution of
pazopanib can take several hours. Next, the pH of the
pazopanib-CAPTISOL® solution was adjusted to pH 6-7 by
adding NaOH or Meglumine Remaining CAPTISOL® was
then added and dissolved completely by shaking/vortex the
formulation at 37° C. or at room temperature. The pH was
checked and, if needed, adjusted, before filtering the formu-
lation using a 0.2 um filter. The formulation was stored at
room temperature and protected from light. Content and
purity of the formulation was tested by HPLC and UV.

Example 3

A high concentration formulation of a therapeutic agent,
e.g., pazopanib 1HCI was prepared by stirring and/or shak-
ing the active pharmaceutical ingredient in a dispersion with
a base, e.g. NaOH, at room temperature, for about 30
minutes. The composition of the dispersion was, e.g., about
275 mg/ml. in 1N NaOH.

In this method, formulations were prepared by dissolving
the required amount of cyclodextrin, acid, and agents in
water. The NaOH treated pazopanib 1HCI was added and
mixed until dissolution. Then sodium hydroxide was added
to reach pH 6-7. Formulation was filtered and then injected
into PDS implants to perform therapeutic agent release
testing.

While comparable high drug concentrations were
achieved with both the 2HCI1 and 1HCI Pazopanib forms, the
1HC1 Pazopanib formulations were very unstable. The 1HCI
pazopanib readily crystallized out both from the formulation
on shelf (i.e.,, during storage) and upon dilution of the
formulation (i.e., during drug release).

The stability of the 1HC] Pazopanib formulations was
improved by lowering the drug concentration to below 40
mg/mL. See Table 5.

Example 4

For stability improvement, as well as for easier formula-
tion process, lyophilization of the pazopanib 1HCl was

10

15

20

40

45

65

44

performed before solubilization in one or more formulation
agents. Lyophilization was performed from trifluoro ethanol
(TFE), trifluoro ethanol-water (90-10) mixture or from dim-
ethyl sulfoxide (DMSO). Lyophilization is believed to trans-
fer the highly crystalline drug to mostly amorphous solid,
which has more favorable solubility properties. XRPD
analysis was performed to compare the crystalline structure
of the 2HCI, 1HCI and the 1HCI lyophilized drug products;
the result is shown in Table 3. The lyophilization method is
summarized in Table 4.

Method of Preparation Pazopanib 1HCI Formulation—
DMSO Lyophilization

Lyophilization from DMSO: About 20-60 mg/mL of a
pazopanib 1HCI solution in DMSO (dimethyl sulfoxide)
was prepared. The solution was then freeze-dried under
conditions well known in the art. The solution was dried
under 35° C.-50° C. (e.g., at about 40° C.) for about 12 hours
to about 24 hours, and about 50° C.-65° C. (e.g., at about 60°
C.) for about 24 hours to about 40 hours, and at about 90°
C.-110° C. (e.g., at about 100° C.) for about 0.5 hours to
about 2 hours.

Method of Preparation Pazopanib 1HCI Formulation—TFE
Lyophilization

The crystalline form of about 60 mg/mL pazopanib 1HCI
in trifluoro ethanol was prepared. About 1% to about 30%
water (e.g., about 20%) water was also added to the solution
of the therapeutic agent solution in trifluoro ethanol. The
solution was then freeze dried (with or without the added
water) under standard condition in the art. The solution was
dried under 35° C.-50° C. (e.g., about 40° C.) for about 12
hours to about 24 hours or at about and 50° C.-65° C. (e.g.,
at about 60° C.) for about 4 hours to about 8 hours.

For both the DMSO and TFE lyophilized pazopanib 1HCI
a one-step or a two-step formulation method was used to
prepare the formulations.

One-Step: When native pH was used, i.e., no pH adjust-
ment of viscous solution was necessary, the solubilization of
the pharmaceutical ingredient were performed in one step.
PVP-10 k (polyvinyl pyrrolidone, MW=10 kDa) and Histi-
dine HCI were weighed and dissolved in the appropriate
amount of water by mixing the solution (vortex, shaking).
CAPTISOL® was weighed, added and dissolved in the
solution with shaking, vortexing the solution. Lyophilized
pazopanib was weighed and then added to the CAPTISOL®
solution and dissolved completely by vortex, sonication,
shaking at ambient or at elevated (e.g., about 37° C.-50° C.)
temperatures. The formulation was filtered using a 0.2 um
filter and stored at room temperature and protected from
light.

In another method all solid excipients (CAPTISOL®,
PVP and Histidine-HCI) and the therapeutic agent (pa-
zopanib 1HCI) were measured and mixed together first in a
vial. Using continuous mixing, gradual addition of the
required water is performed. The solubilization of the
formed dispersion can be done at ambient or elevated
temperatures (e.g., about 37° C.-50° C.); using elevated
temperatures can reduce the time needed to achieve homo-
geneous solutions (e.g., about 24 hours-4 hours). The for-
mulation can be used as is (native pH 3-4) or after pH
adjustment with NaOH solution (pH 6-7).

Two-Step formulation process using the lyophilized
therapeutic agent: Approximately half of the required CAP-
TISOL® in a vial was weighed and dissolved in the appro-
priate amount of water. PVP-10 k (polyvinyl pyrrolidone,
MW=10 kDa) and Histidine HC] were added and dissolved
by mixing the solution (vortex, sonication, shaking).
Lyophilized pazopanib 1HCI (lyophilized from TFE or
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DMSO) was weighed and then added to the CAPTISOL®
solution. If needed, small amount of hydrochloric acid (HCI)
was added to adjust and maintain the pH of the solution at
equal to or lower than pH=2. Additives such as triacetin or
glycerol were added. The formulation was stirred and
shaken at 37° C. or at room temperature until pazopanib was
completely dissolved. The dissolution of pazopanib can take
several hours. Next, the pH of the pazopanib-CAPTISOL®
solution was adjusted to pH 6-7 by adding NaOH. Remain-
ing CAPTISOL® was then added and dissolved completely
by shaking/vortex the formulation at 37° C. or at room
temperature. The pH was checked and, if needed, adjusted,
before filtering the formulation using a 0.2 um filter. The
formulation was stored at room temperature and protected
from light. Content and purity of the formulation was tested
by HPLC and UV.

Example 5

Therapeutic agent release testing was performed by mea-
suring the amount of therapeutic agent released by the PDS
into a fluid representative of vitreous, maintained at 37° C.
in an incubator. The PDS was suspended in a container
containing phosphate buffered saline. Periodically, the PDS
was transferred into a new container and the concentration
of therapeutic agent was measured in the fluid of the
previous container. Rates were calculated from the amount
of therapeutic agent released divided by the sample collec-
tion duration. The percent cumulative release was calculated
from the cumulative amount of therapeutic agent divided by
the amount of therapeutic agent initially filled into the
therapeutic device (PDS). The half-life was calculated from
the percent cumulative release at 4 weeks.

Therapeutic agent release was performed on pazopanib
1HCI or 2HCI formulated with CAPTISOL®. The formu-
lations were filled into therapeutic devices (PDS) having
reservoir volume of 23 pl.. Chloride content comparison of
the pazopanib samples are shown in Table 2. XRD results
are shown in Table 3.

Drug release comparison: Therapeutic agent release rate
was tested by measuring the amount of therapeutic agent
released by the PDS into receiver fluid (PBS buffer) at 37°
C. Therapeutic agent release testing was performed by
measuring the amount of therapeutic agent released by the
PDS into a fluid representative of vitreous, maintained at 37°
C. in an incubator. The PDS was suspended in a container
containing phosphate buffered saline. Periodically, the PDS
was transferred into a new container and the concentration
of therapeutic agent was measured in the fluid of the
previous container. Rates were calculated from the amount
of therapeutic agent released divided by the sample collec-
tion duration. The percent cumulative release was calculated
from the cumulative amount of therapeutic agent divided by
the amount of therapeutic agent initially filled into the
therapeutic device (PDS). The half-life was calculated from
the percent cumulative release at 4 weeks. Results are shown
in FIG. 1 and summarized below:

1. Pazopanib-2HCI (sample-1) in CAPTISOL® (PA-96):

Formulation was 60.0 mg/ml Pazopanib, 2.2:1 CAPTI-

SOL®, 1% PVP, 6 mg/ml Histidine HCI, pH 6.5

Half-life=53 days;

2. Pazopanib-1HCI (sample-2) in CAPTISOL® (PA-110):

Formulation was 60.0 mg/ml Pazopanib, 2.2:1 CAPTI-

SOL®, 1% PVP, 6 mg/ml Histidine HCI, pH 6.5

Half-1ife=99 days; visible drug precipitation during

release
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3. Pazopanib-1HCl—lyophilized from TFE (PAL-18)
Formulation was 36 mg/ml. Pazopanib, 4:1 CAPTI-
SOL®, 1% PVP, 25 mg/ml Histidine HCI, pH 6.5
Half-life=45 days
4. Pazopanib-1HCl—lyophilized from DMSO (PAD-5)
Formulation was 50 mg/ml. Pazopanib, 3:1 CAPTI-
SOL®, 1% PVP, 6 mg/ml Histidine HCI, pH 3.4
Half-life=45 days

Example 6

Precipitation test—comparative results: This test was
performed with the aim to model the conditions upon drug
release, i.e., when a small amount of formulation is released
into a large amount of buffer solution. In the model, if the
drug precipitated out upon dilution (release) that can cause
clogging of the device and/or loss of drug because the solid
drug would not be measurable in the receiver fluid (also it
possibly would not be accessible when released under in
vivo conditions). To perform the test, the formulation was
diluted 330 fold with phosphate buffered saline solution
(with about 0.1% sodium azide), e.g., 3 pL. of formulation is
added to 1 mL PBS buffer. The solution was kept in a 37°
C. thermostat and periodically checked for appearance of
crystal growth/precipitation. The formulations prepared
from different drug sources exhibited different stability
against precipitation upon dilution, as summarized in Table

INCORPORATION BY REFERENCE

The entire disclosure of each of the patent documents and
scientific articles referred to herein is incorporated by ref-
erence for all purposes. In the present disclosure the host
document is identified with sufficient particularity and mate-
rials that are relevant to the disclosure is construed based on
the context of the reference. Citation of publications and
patent documents is not intended as an admission that any is
pertinent prior art, nor does it constitute any admission as to
the contents or date of the same. The invention having now
been described by way of written description, those of skill
in the art will recognize that the invention can be practiced
in a variety of embodiments and the foregoing description
and examples are for purposes of illustration and not limi-
tation of the claims that follow.

OTHER EMBODIMENTS

While the invention has been described in conjunction
with the detailed description thereof, the foregoing descrip-
tion is intended to illustrate and not limit the scope of the
invention, which is defined by the scope of the appended
claims. Other aspects, advantages, and modifications are
within the scope of the following claims.

What is claimed is:

1. A stable pharmaceutical formulation for controlled
release of a therapeutic agent in the vitreous of an eye from
a therapeutic delivery device having a reservoir chamber
coupled to a porous structure, the formulation comprising
about 40 mg/mL to about 70 mg/mL of a pharmaceutically
acceptable monovalent or divalent salt of pazopanib in
solution in the formulation, and a complexing agent com-
prising cyclodextrin; poly(vinyl pyrrolidone) (PVP); and/or
Histidine HCI.

2. The formulation of claim 1, wherein the pharmaceuti-
cally acceptable monovalent or divalent salt is a halide salt
of pazopanib.
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3. The formulation of claim 2, wherein the pharmaceuti-
cally acceptable monovalent or the divalent salt is a chloride
salt.

4. The formulation of claim 3, wherein the monovalent
salt is stable in formulation up to a concentration of about 60
mg/mL.

5. The formulation of claim 3, wherein the divalent salt is
stable in formulation up to a concentration of about 70
mg/mL.

6. The formulation of claim 1, wherein the cyclodextrin is
selected from the group consisting of: 2-hydroxypropyl-f-
cyclodextrin, methyl-p-cyclodextrin, randomly methylated-
p-cyclodextrin, ethylated-f-cyclodextrin, triacetyl-p-cyclo-
dextrin, peracetylated-f-cyclodextrin, carboxymethyl-f3-
cyclodextrin, hydroxyethyl-p-cyclodextrin, 2-hydroxy-3-
(trimethylammonio)propyl-f-cyclodextrin, glucosyl-f-
cyclodextrin, maltosyl-p-cyclodextrin, sulfobutyl ether-f3-
cyclodextrin, branched-p-cyclodextrin, hydroxypropyl-y-
cyclodextrin, randomly methylated-y-cyclodextrin,
trimethyl-y-cyclodextrin, and any combination(s) thereof.

7. A method of treating and/or ameliorating an ophthalmic
disease or disorder of the posterior segment of the eye,
comprising delivering to the vitreous, by controlled release,
a stable pharmaceutical formulation contained in a reservoir
chamber coupled to a porous structure of an intravitreal drug
delivery device, the formulation comprising about 40 mg/L.
to about 70 mg/ml. of a pharmaceutically acceptable mon-
ovalent or divalent salt of pazopanib in solution in the
formulation and

a complexing agent comprising cyclodextrin; poly(vinyl

pyrrolidone) (PVP); and/or Histidine HCI.

8. The method of claim 7, wherein the disease or disorder
is chosen from diabetic retinopathy, age-related macular
degeneration (AMD), pathologic choroidal neovasculariza-
tion (CNV), pathologic retinal neovascularization, uveitis,
retinal vein occlusion, ocular trauma, surgery induced
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edema, surgery induced neovascularization, cystoid macular
edema, ocular ischemia, retinopathy of prematurity, Coat’s
disease, sickle cell retinopathy, and neovascular glaucoma.

9. The method of claim 7, wherein the reservoir chamber
is re-fillable and is re-filled with the formulation after the
device is inserted into the eye.

10. The method of claim 9, wherein the reservoir chamber
is re-filled with the formulation after the device has been in
the eye for between 30-90 days, or up to 6 months.

11. The method of claim 7, wherein the cyclodextrin is
selected from the group consisting of: 2-hydroxypropyl-f-
cyclodextrin, methyl-p-cyclodextrin, randomly methylated-
p-cyclodextrin, ethylated-f-cyclodextrin, triacetyl-p-cyclo-
dextrin, peracetylated-f-cyclodextrin, carboxymethyl-f3-
cyclodextrin, hydroxyethyl-p-cyclodextrin, 2-hydroxy-3-
(trimethylammonio)propyl-f-cyclodextrin, glucosyl-f-
cyclodextrin, maltosyl-p-cyclodextrin, sulfobutyl ether-f3-
cyclodextrin, branched-p-cyclodextrin, hydroxypropyl-y-
cyclodextrin, randomly methylated-y-cyclodextrin,
trimethyl-y-cyclodextrin, and any combination(s) thereof.

12. The method of claim 7, wherein the monovalent salt
is a halide.

13. The method of claim 12, wherein the halide is a
chloride.

14. The method of claim 7, wherein the monovalent salt
is stable in formulation up to a concentration of about 60
mg/mL.

15. The method of claim 7, wherein the divalent salt is
stable in formulation up to a concentration of about 70
mg/mL.

16. The formulation of claim 1, wherein the pH of the
formulation is 6-7.

17. The method of claim 7, wherein the pH of the
formulation is 6-7.



